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I. INTRODUCTION 
Corn in Kexico is used primarily for hurr.an food. This 
fact Justifies the increasing interest in this crop. The 
nation no longer imports corn; however, even though yield 
per unit area has increased 75^ in the last 20 years, it is 
still low. Parallel to this yield increase another fact 
has to be considered: population increase. During the 
same period of time that explosion vras of the same magnitude, 
from 21 to 37 million people, an increase of 76^. This 
trend in population continues and recent statistics show that 
the birth rate is one of the highest in the world. 
As a consequence of these facts, it is eminently clear 
that we need well-organized research projects and well-
oriented experimentation and extension programs to lead us 
to accelerate the creation and adoption of better technologies 
for the achievement of higher yields. 
Fertilizer use has been one of the factors that has 
contributed most to recent yield increases, but the problem 
of corn production Is still more complex if It is taken into 
account that, in Mexico, about 90^ of the corn area is 
cropped under natural rainfall conditions and it is well 
known tha-z fertilizer response and yield move along hand In 
hand with variations in weather conditions. 
Keeping these considerations in mind and striving to 
provide a useful tool for the solution of the corn production 
problem in Mexico, a research program was carried out in one 
region which has characteristics similar to other zones, 
where yield is very lo'-', the demographic pressure is high, 
and land holdings very small. On the other hand, the 
region has good ecological conditions and the technical 
ceiling is believed to be high. The objectives were to 
evaluate response of corn to fertilizer applications and at 
the same time to observe the effect of soil properties and 
weather conditions on responses to fertilizer. Those 
variables under experimental control, fertilizer rates, and 
those beyond control, soil properties and weather, will be 
combined in a way which will provide helpful insight into 
the explanation of the yield-environment relationship. 
II. REVIEW OP LITERATURE 
A. Related Research Conducted in Mexico 
Some agricultural research was conducted in Mexico 
before 19^0, but in an organized way it can be said that it 
really began in 194-3 when the Office of Special Studies was 
created in the Ministry of Agriculture as part of the 
agricultural program, of the Rockefeller Foundation. At 
that tirae Mexico imported nearly half of the wheat needed 
for internal consumption. Average yields of the most 
important crops were very low. According to a Rockefeller 
Foundation report (pS) food production was doubled in the 
early 1960's, Wheat increased from 11 Bu/A in 19^3 to 
39 Bu/A in 1964; bean production had doubled; yield of corn 
increased 70^ and it was no longer necessary to import this 
grain. However, in general, these yields remain relatively 
low if compared with the production observed in countries 
where the advance in technology has been greater. Among 
the factors responsible for these low yields, the most 
prominent i^ the low productivity of the soils, since most 
of them are lacking adequate amounts of essential elements, 
especially nitrogen and phosphorus. 
1. Effect of N, , K fertilizers 
A few experimental results will be cited in order to 
give a general picture of the nature of the response of the 
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different crops to applied fertilisers in some of the most 
important agricultural regions of Mexico. 
Colwell (19)> studying the effect of N, P and K ferti­
lisers on the yield of corn and wheat in the Bajio and the 
Valley of Mexico in 1946, reported that deficiencies of N 
and ? were important factors in accounting for low yields 
of both corn and wheat. In his research he found that in 
700 of the corn experiments and 800 of the wheat trials N 
produced significant responses. P increased the yield 
significantly in 22 and 60 percent of the corn and wheat 
experiments, respectively. Soils were well supplied with 
K so that in no case was there a yield response to S. He 
pointed cut that under the systems of cultivation and the 
varieties employed at that time, a rate of 40 to 50 Kg/ha 
of N and approximately 35 Kg/ha of P^ O^  were adequate. 
In 1949 Miller _et al. (45), in their work on population 
density of non-irrigated corn and its effect on fertilizer 
efficiency in Central Mexico and interpreting the poor 
performance of the heaviest fertilizer rates at the optimum 
population, reported that there may be a risk, in Central 
Mexico, of fertilizer applications above 40 Kg/ha each of 
N and PgO^ , except in those regions with the most reliable 
rainfall. The optimum stands with fertilizer were greater 
than 40,000 plants per hectare at the more humid sites, 
32,000 to 40,000 in places of intermediate rainfall and 
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24,000 to 32,000 in sites with drought. The most efficient 
fertilizer application was around 40 Kg/ha of N and higher 
rates of N were more efficient in combination with P. 
Corn response to different levels of the same three 
elements and stand in Veracruz state, located in the tropical 
region, was investigated by Sanchez et in 1958 (60). 
They fou:ià that in 12 out of 13 sites K caused important 
increments in yield; in five, P did the same and only in one 
place did K increase corn yield. VHaen 60 Kg/Tia of N were 
applied yield varied from 0.23 to 2.1 tons/ha, vrith 40 
Kg/ha of PgO^  yield changed from 0.97 to 2.26 tons/ha. The 
optimum stand was reported to be 35,000 plants per hectare. 
Corn yield under Irrigation in the Yaqui Valley in 
northwef?tern Kexico is reported to be low. In 1959, 
Jimenez and Sanchez (4C) conducted field experiments with 
this crop and found that there was only a X response. Plant 
density was also studied. Highest yield was obtained with 
-GjOCO plants per hectare and oO Kg/ha of K, 
Perry ^  (50), working in southeastern Mexico on 
steep calcareous soils in 1959, found that P was the most 
limiting fertilizer element. X and K did not have a positive 
effect on corn yield, in fact, additions of £ had_a negative 
effect. They indicated that lack of response to N was 
probably due to the high organic matter content of these 
soils which was up to 4^ N. 
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Pertlllzer-stancî experiments with corn were conduoted 
by Ramirez and Laird (55) during 195^  to 1959 la the Valleys 
of Mexico and Toluca in Central Mexico. Optimum plant 
densities increased in approximately a linear fashion as the 
productivity level increased and changed from year to year 
because of climatic variation. They also reported that at a 
given productivity level the optimum number of plants per 
hectare was greater in non-irrigated than in irrigated 
plantings in the Valley of Mexico. Optimum population 
densities varied from 20,000 plants per hectare for irrigated 
corn at a 3 tons/ha productivity level to 70,000 plants per 
hectare in the Valley of Toluca at a 9 tons/ha productivity 
level. N levels for optimum yields varied from 60 Kg/lia 
for non-irrigated planting to 120 Kg/ha for irrigated corn 
in both valleys. 
The Sierra Tarasca region in Mlchoacan state has soils 
of volcanic origin and very good physical characteristics. 
In this zone, Sanchez and Perez, in i960 (61), applied N 
and P fertilizers and liming practices to the corn crop. 
Kiey found that N and P did not increase com yield when 
applied alone or in combination, but when liming was 
included the highest yield was obtained with 80 Kg/ha of N 
and 60 Kg/ha of PgO^ . There was no K response but on the 
contrary a slightly lower yield was observed upon its 
addition. However, yields continued to be low as reported 
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by Navarro _et al. (46) who inolucieci In their experimentation 
fertilization with N, P, K> Ca, micro elements and chicken 
manure. The most outstanding result was the size of the 
increase in yield when 20 tons/ha of chicken manure were 
added in combination with 200 Kg/^ a of In the seven 
experiments the average increase was 3,75 tons/ha of ear 
corn. They reported that there is a nutritional problem in 
these soils which is partially solved with addition of 
chicken manure and PgO^  and that probably this situation is 
caused by the high content of active aluminum in the soils. 
Corn response to fertilization in southern Mexico 
Valley was studied by Rosales ^  in 1962 (59). In this 
zone average annual precipitation fluctuates around 700 mm 
and the soils are formed on volcanic ash deposits. At 
four out of seven sites there were significant responses to 
K, at two, responses to K, and at only one was there a 
response to P. ®ie mean effect of 80 Kg/na of nitrogen 
was an increase of 2.66 tons/ha. 
Puente et in 1963 (53) reported the results of the 
research conducted with corn on fertilization and plant 
populations in the tropical region of Veracruz. Erom 26 
experiments, ear corn yield without fertilizer varied from 
0.3 to 6.8 tons/ha. N increased the yield significantly at 
88^  of the sites, being more efficient when the application 
of this element was divided than when it was all added at 
the time of planting. Response to P was observed in 25/é of 
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tiie experiments and. at only one place did K axigment corn 
yield. As far as plant population was concerned, they 
reported that it varied from 17,500 to 60,000 plants per 
hectare and concluded that, for an average year, optimum 
plant densities would be 29,000, 34,000 and 39,000 plants 
per hectare for low, intermediate and high productivity 
levels, respectively. 
2, So11-water-plant research 
Soil deficiencies in the foregoing section were mentioned 
as one ot the most important reasons for low crop yields in 
Mexico. However, another factor no less important than soil 
conditions can be pointed out and it is the geographical 
factor. Mexico has a total area of about 200,000,000 
hectares but only about one-tenth of this constitutes poten­
tial arable land, the reason being that most of the country 
is either too mountainous or too dry to both mountainous and 
dry to be adequate for agricultural purposes. Rainfall in 
most areas is expected from June to October while the rest 
of the year is completely dry. According to McBride (43) 
the Northern Mesa and the Central Mesa constitute what is 
known as the great plateau of Mexico where elevation varies 
from 1220 M in the north to 2440 M in the south-central area 
and comprises about three-fourths of the total area of 
Mexico. In the Northern Mesa the very low precipitation of 
from 125 to 500 mm per year and very irregular distribution 
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makes it of little value for agriculture except for a small 
Irrigated area. This Northern Mesa comprises about half of 
the total area anci contains only one-fifth of the population 
of Mexico» To the south, in the Central Mesa about half 
of the population lives on 15# of the total area. The 
central part is different because of rainfall* which 
varies from 500 to 1000 mm per year between June and October, 
Here, in Central Mexico, the agricultural potential is 
considered to be high. In the rest of natural regions of 
Mexico, rainfall is good but slopes are too steep and little 
land is adapted for cropping, or, like in the western 
escarpment, the climate is semiarid and too dry for farming, 
or, like in the lowlands on both east and west coasts, where 
climate is too humid and too dry, respectively. On the 
east coast for instance, rainfall varies from 1300 mm in 
the north to 3,000 mm in the state of Tabasco in the south. 
It is too humid, and therefore, too unhealthy for human 
living. The northern part of the east coast is another 
area of high potential for Mexican agriculture. 
This brief description of the agricultural geography 
of Mexico gives a rough indication of the extreme limitation 
of land for profitable farming. Those places where the 
physical position of the landscape is adequate and rainfall 
is scarce, irrigation projects could be a solution and in 
fact are one of the present developments. But much can be 
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cione ttirough, the application of new technologies and 
management practices in those regions where natural rainfall 
is adequate for cropping. 
Some research has been conducted in the soil-plant-
water field, so that a "brief review of It will be presented. 
The first research done in Mexico dealing with the 
effect of soil moisture and fertilizers on crop yields is 
the work reported by Fernandez and Laird in 1958 (28 ). 
This study was conducted. In Central Mexico using wheat as 
the test crop. They found that grain yields were increased 
from 0.68 to 4.46 tons/ha by the application of 150 Kg/ha 
of N at the opticrum soil moisture treatment or irrigations 
made when soli moisture was reduced to about 30 percent of 
available water holding capacity In the driest horizon just 
prior to irrigating. In this moisture treatment each kilogram 
of N Increased grain yields by 25 kilograms. Straw yields 
were also increased considerably with the application of 
150 kg/ha of K and irrigations made when available soil 
moisture reached values of 64 percent in the upper soil 
layer also just prior to Irrigating. Protein content of 
the wheat grain was lowest in the wet treatments and highest 
in the dry ones. Total water use increased as the irriga­
tion frequency was Increased and It also was higher in the 
fertilized wheat than in the unfertilized wheat. Finally 
they concluded that irrigating when the available soil 
moisture was reduced to about 30^  of available moisture 
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suppXy would, result in maximum, grain yields, 
Fernandez and Laird reported another study in 1958 
(29) also in Central Mexico but with corn. The purpose was 
to deteriïtine the effect of soil moisture deficits during the 
tasseling period oh yield of corn fertilized with several 
rates of N. Four levels of moisture were under study, 0, 4, 
S and 12 days of drought during tasseling and four levels of 
N; 0, 50, 100 and 15O Kg/ha of N. The driest treatment 
reduced yields of ear corn from 6.I8 to 4.74 tons/ha, or 
25^  in the corn plots fertilized with 15O Kg/lia of N, but 
when no N was applied these 12 days of drought did not 
affect corn yields. The drought by fertilization interaction 
was due to the difference in size of the corn at the time of 
the damage, differences in maturity and differences in the 
percentage of wilted plants in the several fertilization 
treatments. The scientists concluded that moisture deficits 
during tasseling producing wilting must be avoided whenever 
possible, pointing out several considerations in the elimin­
ation of drought damage during this critical period in 
non-irrigated plantings. These include growing varieties of 
shorter growing season with lower water requirements which 
complete their critical growing season before the deficit 
of precipitation is present and through the use of soil 
and water manag^ ent practices like contouring, adequate 
weed control, etc. 
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Her-nandez aad Laird, in. 1958 (36), looking at the effect 
of soil moisture conditions during the first part of the 
growing season on corn yield, carried out a study at the 
Cal Orande Experiment Station located in Central Mexico, 
Four soil moisture treatments; 75, 6l, 38 and 20 percent of 
available soil moisture prior to irrigating time during the 
first 3 months of the corn growing season were tested. 
During the last part of the season rainfall maintained 
adequate soil moisture supply. N treatments were 0, 80, l60 
and 240 Kg/ha. They summarized the results as follows: 
with moderate applications of N corn yields were lowest in 
the wettest treatment, i.e., average yields in the three 
driest treatments and receiving BO and l60 Kg/ha of N were 
3.70 and 6.38 tons/ha, respectively, while under the 
wettest treatment yields were 2.69 and 5.75 tons/ha, 
respectively. Stover yields were higher with 240 Kg/ha of N 
under the wettest treatment, but for the rest of the K 
treatments the results were the same for the 5 moisture 
treatments. Protein content of the grain was highest in 
the driest treatments. Finally, they concluded that 
moisture deficits causing wilting of plants for several 
days may occur in the first part of the corn growing season 
without reduction in yields. 
Variations in soil moisture stress during the wheat 
growing season and its effect on several characteristics of 
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the crop was a study conducted by NuRez et in I960 (47) 
in Guanajuato State. They reported that moisture require­
ments ot wheat for maximum yields were different at 
different stages of development. Three stages were recog­
nized : a) pre-heading stage—from germination to about five 
days before heading; b) heading and grain formation, stage— 
the month following the first stage; and c) maturity— 
remainder of the season. Optimum soil moisture stress values 
in the 5 to 30 cm horizon varied from 5 to 8 atmospheres in 
the second stage for shallow and deep soils, respectively, 
to l6 atmospheres for both soil conditions in the third 
stage. Moisture requirements for the first stage were 
intermediate. Low moisture stress values during the 3 weeks 
before heading were favorable for the maximum production of 
heads. Soil moisture stress conditions which reduced yields 
resulted in an increase in the protein content of the grain. 
Chavez and Laird (l6), working in El Bajlo Valley in 
1961, found that consumptive use of water by wheat was 
approximately 2 mm/day during January, during February and 
Inarch it increased almost linearly up to 6.5 mm/day and 
again during April values were similar to the first month 
of the season. Comparing the values of the consumptive use 
of water and the evaporimeter data, they observed that these 
were quite similar during the first 3 months but in April 
daily water lost from the crop was lower than evaporation 
data. 
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Laird and Rodriguez (41), during 1962-1963, carried out 
a set of 47 fertilizer experiments with non-irrigated corn 
in 21 Bajfo, Central Mexico trying to determine the nature 
of fertilizer response functions and their relation to un­
controlled factors that limit corn yield in this zone. 
Observations on drought, soil properties, climate and 
response data were taken into account to identify the family 
of N response functions and their probabilities for 
producing systems defined by them on the basis of rainfall 
and properties of the soil. The van Bavel drought criterion 
(69) was applied to rainfall records and the number of 
drought days was estimated for different soil conditions and 
rooting depths. Then drought indices for each year-location-
soil condition were calculated and the probabilities of 
different drought indices for each soil condition in the 
different weather stations also were computed. In doing that 
the estimated percentages in yield reduction per drought day 
were reported to be 0.0, 1.75, 5.25, 1-33 and 0.0 for the 
first 33 days, next 32 days, next I5 days, next 30 days and 
last 15 days of the corn growing season, respectively. 
Using the drought index as the independent variable a 
regression equation relating yield, Y, to drought index, X, 
was reported to be Y = 5.94 - 0.0437%. Finally, a family of 
N response functions were estimated for the different pro­
ducing systems defined in the zone on the basis of the 
drought index probabilities, and N response functions. 
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B. laCluence ot Climate on Corn Prociuctlon 
1. Crop yield dependenoe on soil moisture 
Literature reports many cases where direct meteorological 
measurements have been used successfully in explaining crop-
weather relationships; Smith (63)^  Anonymous (2), Fisher 
(30), Hodges (37), Robb (56), Cole (l8), Pallesen and 
Laude (48), Hendricks and Scholl. (35), Bates (9), Thompson 
(66), Carmen (l4), Gangopadhyaya and Sarker (31). But, on 
the other hand, many other studies have shown the inade­
quacy of their use in explaining that relationships 
probably due to the fact that statistical techniques 
employed were not the correct ones, that the plant-weather 
relationships were too complex to be expressed by simple 
equations, that mean meterological values did not reflect 
the variations of environmental parameters over time, that 
the meteorological factors selected were not appropriate 
measures of the physical environment and/or that the inter­
action between meteorological elements was not taken into 
account (3). 
As early as 1920, Wallace (75) said: 
In Iowa the multiple coefficient of correlation between 
yield and May temperature, July temperature and August 
rainfall is disappointingly low.,.. Superficial 
examination of the evidence leads to the conclusion 
that the low correlation coefficients in Iowa are due 
to the fact that In Iowa there are some seasons and 
some sections when the yield is short because of the 
too cool weather during the greater part of the summer. 
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Whereas in other years the yield is short because of 
too hot weather.. therefore^  the method of 
correlation coefficients is not very well adopted to 
examining the effect of weather on corn yield in 
Iowa » 
Then, the degree of success in using direct meteorologi­
cal parameters in explaining yield variation is. in general, 
a function of the specific conditions under which the research 
is conducted. Sometimes a given meteorological characteris­
tic is the main factor limiting yields and good correlation 
is expected^  but sometimes the relationship between weather 
and crop is too complex to be described adequately by simple 
correlation or regression techniques, as pointed out by 
Baier (3). 
It has been recognized that considerable improvement 
might be achieved if information on availability of soil 
moisture to plants throughout the season were used as a 
variable-Of evaluation of the weather effects, because this 
parameter probably bears a closer relationship to the growth 
and yield of crops than any other simple meteorological 
measurement. Comparing the performance of soil moisture 
estimates with the direct use of cllmatological data for 
estimating crop yields. Baler and Robertson (4) found that 
wheat yields were more closely related to estimated soil 
moisture than to observations of rainfall, and maximum and 
minimum temperatures. This superiority was demonstrated by 
higher correlation coefficients, lower coefficients of 
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variation and lower standard errors of estimate when yields 
estimated from the statistical model were correlated with 
observed yields. The multiple correlation analysis 
indicated that the order of best estimation of crop yields 
was soil moistiire > minimum temperature > maximum temperature. 
Finally they reported that rainfall per se was found to be 
unsuitable as a basis for yield estimation. 
Cases iaay occur where precipitation above the average 
may minimize the effect of soil moisture like the result 
reported by Holt _et (38) who utilized response surface 
approach to characterize the effect of soil and environmental 
factors on the yield of corn in the northwest part of the 
Corn Belt. Available soil moisture in the root zone at 
planting time varied from 8.0 to 26.6 cm and growing 
season precipitation from l4.2 to 52.8 cm for the two-year 
period. Corn yields were related to available soil moisture 
when precipitation during the critical period was below the 
average in 1960, but when rainfall was above that average in 
1961, stored soil moisture during July did not have a 
significant effect on yield, because precipitation minimized 
the effect of stored available soil moisture. When the 
regression equation Included only soil moisture and rainfall 
2 
as Independent variables the value of R was 0.70 for yield 
data combined over the two-year period which Indicates that 
available soil moisture is one of the most critical production 
factors in this area. 
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Under the stated aasimptlon. that crop yields, are 
closely related to soil moisture, it is of interest to look, 
at the factors responsible for soil water losses. Several 
workers (24) have recognized that the atmospheric energy 
that causes water evaporation from wet surfaces and available 
soil water should be considered when talking about soil 
moisture losses. Further, it should also be pointed out that 
a diminution of available water has different effects on the 
diverse phases of plant growth and the decrease of crop 
yields will also be distinct according the time of occurrence 
and intensity. Miller and Duley (44), working under 
greenhouse conditions, divided the corn season into three 
30-day periods. They found that a 43^  yield reduction was 
observed when stress was applied around the silking stage 
and 35^  when stress conditions prevailed in the late 
vegetative stage. In Washington, Robins and Domingo (57) 
reported that when corn plants were under wilting conditions 
for 6 to 8 days during tasseling, grain yield decreased from 
8.6 to 5.0 tons/ha or 58^  but the reduction was only 22^  
when the wilting period lasted only 2 days. Pern^ dez 
and Laird (29), looking at the effect of water stress on 
corn yield in Central Mexico, found that 11 days of drought 
during tasseling reduced the yield from 6.l8 to 4.74 tons/ha 
or by 25^  for fertilized corn but the reduction was insigni­
ficant for unfertilized corn. Moisture stress conditions 
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during: vegetative, silking and ear stages were applied to 
corn in research "by Denmead and Shaw (23) and the decrease 
in yield was 25, 50 and 21^, respectively. Barnes (8) 
reported yield reductions of 73 and l4^  by stress applied 
at 75^  silking for single-esired and double-eared varieties, 
Claassen (17) found that stress during the early ear-shoot 
stage caused gpain reduction of 15^  and when it was present 
at silking yield was cut by 53^ . These few examples> show 
that a discrepancy apparently exists on the impact of the 
absolute effects of the inbalance of soil moisture and 
atmospheric evaporative demand as far as absolute values 
are concerned. Indeed, this discrepancy is a consequence of 
the nature of stress treatments investigated, duration, 
severity and time of application, and stress definition. 
Dale and Shaw (21), on the basis of the results obtained 
by Denmead and Shaw (24), derived the term stress day. 
They recognized that transpiration rate was different at the 
same level of available soil water depending upon the 
magnitude of the atmospheric demand. The former authors 
identified a stress day whenever the évapotranspiration at 
field capacity and available soil moisture combination fell 
below the estimated turgor loss curve and any day when that 
combination fell on or above such a curve, was identified as 
nonstress day. Sien they computed the niimber of nonstress 
days (KSD) during a period 6 weeks before and 3 weeks after 
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silking an<i> using a multiple regression model including 
year, linear and quadratic KSD, linear and quadratic stand 
and the cross product NSD x stand, they were able to explain 
83^  of the total variation in corn yields observed over a 
period of years. 
2. Drought criteria 
Before the more developed soil moisture-atmospheric 
evaporative demand concept cited in the previous paragraph 
was reported, moisture stress was looked upon in terms of 
diverse drought criteria. 
One of the earliest attempts to attack directly the 
problem of drought was made by Blumenstock (ll). Through 
the use of an elaborate and intricate statistical process he 
expressed the drought hazard in terms of chance. However, 
he made the assumption that drought was considered terminated 
by 2.54 mm or more of precipitation in 48 hours or less. 
This definition has very little significance for practical 
purposes in crop production because that small amount of 
precipitation will not change, in a significant manner, the 
condition of soil moisture in the total root zone. The 
definition Is further limited if, in addition. It Is taken 
Into account that there usually Is a lag in disappearance of 
drought effects after a rain. 
Barger and Thom (6, 7) in the late 1940's made another 
attempt to characterize drought Intensity in corn. The 
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oriterion of drought was developed on. the basis of the 
association of certain minimum required total rainfall 
amounts within time interval of different duration, i.e., 
the amount of precipitation necessary for normal corn 
development during a given period is the minimum required for 
that length, of time and the maximum rainfall deficiency with 
respect to these amounts during the plant cycle is then a 
measure of drought. They applied correlation techniques 
to this drought measure and to the deviation of county corn 
yields from normal yield and reported that frcm 25 to 60^  
of the total variation was explained by this concept in 
plantings where drought conditions were present. 
Another approach to the drought concept was given up by 
van Bavel (69) who defined it as, "...a 24-hour period in 
which the soil moisture stress exceeds a limit, which, on 
basis of experimental evidence, may be taken as a point at 
which the productive processes of the crop are being 
appreciably decreased". In order to determine the values 
required for drought days computation, information is needed 
on moisture characteristics of the soils, nature of plant 
rooting, physiological reaction of plants to soil moisture, 
daily rainfall and évapotranspiration; this latter being 
calculated by van Bavel according to the method of 
Thornthwaite. Van Bavel*s concept has been applied in 
several places: in Mexico, by Laird and Rodriguez (4l); 
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and also in North Carolina (70) in 1956* Virginia (71) in 
1957> and Georgia (72) also in 1957. 
A study was conducted by Ewalt ^  al. (27 ) in Missouri 
in which Penman's and Thornthwaite's methods of estimating 
évapotranspiration were used. The numbers of drought days 
were derived by the use of the van Bavel concept. Then, by 
the use of regression technique, the total number of drought 
days per growing season, per month in the growing season, 
per week in the growing season or weekly rainfall were 
employed as independent variables. Correlating corn yields 
p 
with total number of drought days, values of R were 0.33 
and 0.45 for Thornthwaite's and Penman's methods, respec­
tively. A little improvement was observed when drought days 
were computed on a monthly basis, but when made in weekly 
O 
periods, the values of R increased to 0.52 and 0,68 for the 
same methods, respectively. However, rainfall explained the 
greatest variation, 75^ , when taken on weekly basis. Then, 
according to this paper, weekly rainfall would seem to be 
the simplest and would suggest that we should return again 
to original procedures and use meteorological parameters 
directly, which now is hard to accept. 
Earlier it was mentioned that soil moisture loss is a 
joint function of available soil water and atmospheric 
energy. In the case of Thomthwaite's method temperature is 
used as an estimator of solar radiation, but Pelton et al. 
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(49) found that methods which use mean temperature In general 
are not good estimators of solar radiation for short periods 
of time. They can furnish a better estimation for the com­
plete growing season, even though in some way there is some 
kind of smoothing of the real values of radiation. These 
authors plotted air temperature against solar radiation at 
Madison, Wisconsin and found that two different temperatures 
are associated with a solar radiation value, showing that 
temperature is out of phase with solar radiation. 
Estimates by Penman's method have been reported to be 
in phase with solar radiation (64), but this method requires 
a great number of measurements which in many cases are not 
available. 
It is concluded that methods which try to measure the 
atmospheric demand component should be the adequate ones, 
otherwise the final result would be a biased estimation of 
the component which is to be an independent variable. 
C. Soil Fertility Status 
In looking for the most profitable yield level It is 
clear that it is necessary to get the most accurate yield 
prediction equation and this makes it necessary to fit 
together and evaluate as many as. possible of the production 
factors. One of these factors is the initial soil fertility 
level. As written by Pesek (51), 
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It is as unreasonable to recoinmend fertilizers for a 
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fertility, as it is to recommencé ten extra dairy cows 
without knowing how many he already has, whether he 
can house them, or whether he is even interested in 
dairying. 
No attempt will be made to remark further on the 
importance of this production factor because later work 
contoLins a complete development of this topic, Voss (73) > 
Jensen (39)> Desselle (25), Rabuffetti ($4), so only a 
recent paper by Dumenil (26) will be mentioned. He reported 
that one of the major errors in the use of fertilizer N in 
Iowa has been the application of similar amounts on all corn 
regardless of its position in the rotation. For instance 
corn after a good legume meadow needs only little N but most 
profitable rates for corn after corn may be around 150 to 200 
Kg/ha of N and only 0 to 60 Kg/ha of this element for corn 
after legume meadow. For corn after soybeans, amounts of N 
needed are smaller than for com after corn. Then, in his 
report Dumenil remarks about the importance of the residual 
K from the legumes in the determination of the most profit­
able level of nitrogenous fertilizer. As far as P is 
concerned the same author reported that the prevalence and 
severity of P deficiency depends on several factors, among 
them being soil type, availability of soil P both in the plow 
layer and subsoilj rates of fertilizers and weather. He 
says that drought-induced P deficiencies occur mainly in 
those soils with very low and low levels of subsoil P, 
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and that soil test values, for P at some sites have been 
increasing up to medium to very high levels due to heavy 
fertilization so that P rates can be reduced to some extent 
to achieve the most profitable level of production. 
A procedure that has been, used to evaluate initial soil 
fertility effect is simply to enter soil test values as 
independent variables in regression equations of yield on 
independent variables. It has been considered that several 
kinds of interactions may exists for instance, between the 
nutrients in the soil and the fertilizer element that is 
applied, i.e., that the response to fertilizer N is 
influenced by the level of N or P in the soil, and that pH 
has some effect on the response to phosphatic fertilizer. 
Also an interaction may exist between N and P in the soil, 
and so forth. 
By the use of this methodology it is possible to look 
at direct effects of Initial soil fertility, applied fertilizer 
and possible interactions of soil fertility and fertilizer, 
on the dependent variable as reported by Voss (74). In 
recent studies this approach has been used by Besson (lO), 
Desselle (25), Rabuffetti ($4), Carmen—(15) and others. 
The same method will be used in this dissertation. 
D. Some Agricultural Economics Aspects 
1. Minimum profitable rates of fertilizer 
Fertilizer as an input or production factor has a great 
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aimber of ecorioraic irapli cat ions. In resource allocation 
analysis, fertilizer has to compete for capital with other 
resources within the same agricultural enterprise framework 
and among other economic activities. This is observed where 
capital is sufficiently available or price of capital is 
relatively low to farmers, as it is in the more developed 
countries. However, in nations where the economic growth is 
at a lower stage, severe capital limitations are common and 
well-known facts, so that in most cases, although most pro­
fitable rates of fertilizer can be derived through research, 
shortage of credit does not allow their use and lower-than 
optimum amounts have to be applied. On the other hand, 
uncertainty resulting from variations in yield caused 
mainly by weather fluctuations and variations in prices of 
farm products, represent another common problem for both 
advanced and developing agriculture but sharpened in the 
later case. Eeady (34) in his analysis of credit policy 
with developmental effects wrote. 
As a mechanism to promote development, the function 
of credit policy should be to increase the elasticity 
of supply and lower the price of capital for farmers. 
He pointed out that, given this situation, capital limita­
tion is decreased, the wish for profit maximization Is 
increased, and use of new technologies is stimulated. The 
same author says that many studies have referred to the 
Importance of the uncertainty-capital complex and even 
27 
though little research has been, done on this complex problem 
on low-income farms of U.S. or in less developed countries, 
it certainly puts a heavier load on agricultural development. 
Continuing his discussion he notes that, 
The degree of uncertainty, even in the innovation of 
a new crop variety which does not increase capital 
outlay, stands to be great for a person whose meager 
income and food supply'makes subsistance precarious 
in any year. ¥ith little or no reserve borrowing 
capacity in case of crop failure and with ability to 
predict and forecast new outcomes from innovations 
driven near zero by (l) lack of mobility to view 
outcomes on other farms at even short distance and 
(2) his lack of education, the low-income farmer or 
cultivator certainly must hesitate in substituting 
a new variety and method for one which has proven the 
test of time in keeping him fed. Chance taking, when 
income is at the borderline of subsistence, is highly 
unpalatable. 
Under no capital limitations the solution for optimum 
fertilizer rates is obtained simply by equating the first 
derivative of the prediction equation with respect to the 
element in consideration to the inverse price ratio. The 
results differ under capital limitations.- Pesek and Heady 
(52) considering that the latter is a more realistic case 
in most situations, derived a method for determining the 
minimum recommended rate of fertilization, which represents 
both the lower limit that should be applied and the economic 
minimum rate, or, viewed as a whole, the highest net return 
per dollar invested. If yield Increase is given by = 
2 SX 4- tx where s and t are constants, x is the rate of 
fertilizerj and if cost of fertilizer applied is given by 
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Y<^  = ra + rx where m is the fixed, application cost per unit 
area and r is the price ratio of a unit of fertilizer to a 
unit of yield increase, or slope of the variable cost line, 
they maxiziized the expression and obtained the 
rate of fertilizer that will produce the highest profit per 
dollar invested. 
In some cases a "restricted optimum" procedure is 
followed and it is obtained by selecting an arbitrary return. 
For instance Brown ^  (12) analysing the use of produc­
tion functions under limited capital derived rates of 
fertilizer requiring that the last dollar invested on 
fertilizer must return twice the cost before farmer will 
risk the expenditure. This "restricted optimum" was 
computed by doubling the fertilizer/corn price ratio, i.e., 
g Price of fertilizer 
 ^ Price of corn 
and equating to the marginal product as before. 
As mentioned earlier, if these concepts are valuable in 
places where advance in technology and economic growth are 
given, undoubtedly they would contribute to a better use of 
the limited capital resources in countries where credit is 
restricted and expensive. 
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III. mm MD PROCEDURES 
Puebla region is located in Central Mexico as shown in 
Pig. 1 and geographically is situated between the meridians 
97^ 45' and 98^ 30* west of Greenwich and between 18^ 45' and 
19^ 30' of northern latitude. 
The reason why Puebla was chosen as the area for con­
ducting this research could be summarized in a few lines. It 
is a typical zone of the corn producing regions in Mexico 
and other developing countries in the sense that technology 
is almost absent so that yields are low, demographic pressure 
is high, land holdings are very small, capital limitations 
are strong and the educational level of farmers in general 
is low. "On the other hand the ecology of the zone is believed 
to present adequate conditions for producing profitable corn 
yields. In other words, at the present time corn is produced 
as a subsistence crop, yield per hectare is only a little 
higher than one ton per hectare and the technical ceiling is 
considered to stand high. This work is an initial step—is 
only a starting point in a joint research project that 
actually is being conducted with the participation of the 
Mexican government and international cooperative agencies 
under the name of Puebla Project. The unique and final 
goal will be to accelerate the adoption of new technologies 
for a rapid and increasing corn production in this area and 
to try to expand, if possible, this methodology to other 
Fig. i. Geographical location of Puet>la region. 
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similar regions in Mexico.. 
A. Location of Experiments 
Twenty seven fertilizer experiments, variable in N and. 
P, were established in the region where altitude above sea 
level vsLTied from 2200 to 2400 BC and precipitation from May 
to October ranged from 831 to 630 mm considered to be 
adequate to slightly scarce, respectively, for producing 
corn. This range in precipitation was taken in order to 
obtain a better appreciation of the effects of variable 
•weather conditions. No prior information was available 
about soils and the criteria for selecting any particular 
site were as follows: at least two years under corn, no 
legumes nor manures for two years, uniformity in slope and 
soil color at each site avoiding low and high spots, locating 
experiments some distance away from roads and houses and 
looking for facilities for rainfall gauge installation no 
farther than one kilometer from the experimental site. 
After the selection of the site, the experiment was located 
inside of what would be a commercial planting to avoid border 
effects. 
3. Field Technique 
Each experimental plot consisted of 6 rows of corn, 
differently spaced according to the farmer practice, and 
varying fr-cm 0.80 to 0.95 M and an average for all sites of 
O.gO M. Rows were 8.0 M. long. Prior to the establishment 
of rows, soil samples were taken from each plot from the 
upper 15 to 20 cm by sampling at six different random points 
within the plot and mixing to form a composite sample for 
each plot. Rows were traced out using animal traction except 
at five sites where a tractor was used. Then fertilizer 
mixtures were applied deep in the row by hand, passing along 
each row at least twice for a more uniform fertilizer spread. 
Planting followed using shovels, covering immediately with 
a small layer of soil. Five to six seeds were planted per 
hill, and hills were spaced 0.45 M apart. At 12 to 15 
dayc after the plants emerged, the corn was thinned to two 
plants per hill in order to have an approximate 50,000 
plants per hectare plant density at all sites. 
No information was available on fertilizer timing so 
that it was decided to apply 10^  of the N as ammonium 
sulphate, and the total amounts of P as ordinary super­
phosphate, potassium as potassium chloride and zinc as zinc 
sulphate at planting time. Later it will be pointed out 
that there were 17 basic N and P treatment combinations but 
an eighteenth was added. At one-half of the sites this 
treatment contained K to make l80-r75^ -60 and at the rest of 
sites 75 Kg/ha of zinc sulphate containing 22^  of zinc was 
added to the l80-f-75-rO treatment. Laird and Rodriguez (4l) 
in Central Mexico had reported that in 64^  of the sites a 
vegetative zinc response was observed. The remainder of the 
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or 90^  of the totals was sldedressed. when the maize was 
about 0.40 to 0.50 M tall, and just prior to the second and 
last cultivation. 
No information was available on variety performance, 
so three regional, non-improved strains were employed on the 
basis of a vague knowledge about maturity and adaptation. 
The corn section of Puebia Project conducted a trial on 
variety performance during the same season. Based on the 
information they obtained, yield potentials were assigned 
to each of the three varieties employed in this work. 
Except for one site, no chemical weed control was 
required. Cultivating twice in the early season was enough 
to control weeds. 
In general there were no insect problems but at one 
location BSC dust at 3^  was applied to combat a rose chafer 
(Macrodactylus spp.) that was present around silking time 
where damage to stigmas and pollen could have been important 
if no attention had been given to it. Also at only one 
experimental site was there a serious problem of disease. 
Common smut (Ustilago rnaydis (D.C.) Corda) was observed at 
Site 27. 
Hail damage took place in several plantings at different 
stages of the growing season. In some of them it occurred 
in the early cycle and plants recovered easily. However at 
\ 
35 
four locations hail ooowrenoe vfas observed, around tasseling 
at which time hail damage may have effects in decreasing 
corn yields. In these cases, observations on percentage of 
folioLT area destroyed, number of affected leaves and growth 
stage were made. Camery and Weber (13)> looking at the 
effects of simulated hail on corn yield reduction^  reported 
that if 25 and 50^  of defoliation were obtained at 4C^  of 
tasseling, the corresponding decrease in yield relative to 
check plots yield was 10 and 2.6% respectively. Hail damage 
was codified in this study on the basis of this information. 
Rainfall gauges were installed as close as possible to 
the farmers' homes and a record was kept by them. Rain 
gauges used were the standard ones, 0.20 M tall, non-
recording. 
Hand harvest was made of the four central rows. Shelled 
corn was weighed on a milk scale and a sample of the grain 
was taken from about 20 ears for moisture determination and 
a final adjustment to a 12$ moisture content was made. 
Earlier It was mentioned that plant density was adjusted to 
50,000 plants per hectare but stand counts were made for each 
individual plot because there were some plant failures at 
several places. 
C. Laboratory Procedures 
Analysis of the top soil was carried out in the Iowa 
State University Soil Testing Laboratory. Determinations 
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consisted of pH (a), nitrifiable nitrogen (n), available 
phosphorus (p) anci exchangeable potassima (k) for each plot. 
Also a profile was exposed down to 1.5 to 1.7 M at each site 
for a genaral description and samples were taken from the 
different horizons and subjected to the same laboratory 
procedures to provide a^ , n^ ;, p^  and kg> the subsoil values 
for a J, n, p and k. Pressures of 1/3 and 15 bars were applied 
to wet soil and subsoil samples to make an estimate of the 
field capacity and wilting point values for moisture content. 
D. Weather Characterization 
Weather characterization was; made according to two 
concepts, available soil moisture distribution and number 
of wilted plants over time. It is recognized that probably 
an adecuate estimate of the weather effects on corn yield 
was not completely achieved because it was not possible to 
gather data on the atmospheric demand component of plant 
moisture status. 
1. Available soil moisture concept 
Two gravimetric soil moisture determinations were made 
during the corn growing season^  at all but one site. The 
first sampling was taken in the vegetative stage from 13 
days before the beginning of the "63-day phenological 
period" as defined by Dale (20) to 8 days after that date. 
The second sampling was made during the tas s e ling- s 1 Iklng 
period. Four borings were made down to 1.20 M in 0.30 M 
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increments using Veihirieyer tubes, on the plots that received, 
the fertilizer treatments 0+0+0 and l80 + 75 + 0 in 
two of the three replications and data averaged. Then this 
information was transformed to millimeters of available soil 
water in the 1,20 M profile by using data on soil moisture 
constants previously found in the laboratory and by assigning 
a value of bulk density for each 0.30 M layer according to 
the approximate relationship given by Thompson (65) for the 
different soil textures of the four soil layers given in the 
soil profile description that was made. For instance, 
suppose the 0-0.3 M layer of a site had a sandy loam texture, 
then a 1.5 was assigned for bulk density. This value 
multiplied by 300 mm, times the difference between the 
observed soil moisture percentage at the 0.3 bar and the 15 
bar values, would provide the amount of available soil 
moisture in mm for that particular 30 cm layer. 
Based on these two soil moisture determinations, a 
simple budgeting technique was applied by adding dally 
precipitation and subtracting an arbitrary value of "daily 
water lost" (IML) for the period enclosed between these two 
sampling dates. This IML value would include losses by 
évapotranspiration, runoff and percolation if any. Computa­
tions were made at 6-day Intervals and the values of 
available soil moisture through the season were confirmed 
whenever coincidence of computation using the estimated 
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DiL value vfita the second soil ciolsture de terminât ion was 
achieved. These Dv-JL indices and distribution of available 
soil moisture for each site appear in Table l4 of the 
Appendix. Because thirteen 6-day periods were considered in 
this ifork, soniewhat longer than Salens 63 days, and because 
the second sasipling ended before the termination of the 
78-day p^ 'iod, 43 before and 35 after Lllkins:, the average 
HaL index of all sites was taken uniformly for estimating 
%he amount of soil moisture for dates after the second 
sampling was made. 
These data were fitted by means of orthogonal polynomials 
in order to get the distributional coefficients up to the 
fifth degree and permit the application of the regression 
Integral concept by Fisher (30). The reader 1^  referred to 
Shah's work (62) for a detailed explanation and use of this 
concept. 
2. Yilted slants concept 
It has long been recognized that rate of pho to synthe s1s 
is reduced under reduced soil moisture conditions (68). If 
factors such as soil moisture status, atmospheric demand and 
plant are integrated into a single index, characterization 
of weather effects will be more reasonable and realistic. 
Dale and Shaw (21) developed the non-stress day (NSD) concept 
under this assumption. 
In the present work, faced with the difficulty of 
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gathering data of an adequate solar radiation estimate* a 
continuous observation at constant 6-day intervals at all 
sites vras taken through the 78-day period on the number of 
wilted plants (icIP). Three categories of intensity of 
wilting were made, as described by Laird (42). None, 
whenever plants were fully turgid; light or medium, whenever 
plants showed beginning signs of loss of turgor. At this 
medium intensity a slight change of green color of the leaves 
to grayish color is observed, leaves around the tassel become 
flaccid and sometimes a straightening-out of the upper leaves 
and slight curling of the edges near the point upward and 
toward the mid rib is first noted, e^ third category, 
severe, was given whenever at least one half of the leaves 
are completely rolled. Additional observations were made 
on degree of cloudiness and windiness, taking the data after 
12:00 noon and before 5:00 p.m. 
Because this is a time consuming operation, only plants 
on the two central rows, of 3 plots in the 3 replications were 
counted. Sie plots were treatments 0 -f- 0 -r 0, 180 4-75-^-0 
and 360 4- 150 -r 0, i.e., the lowest, the medium and the 
highest fertilizer treatments for both nitrogen and phosphorus 
were selected for these observations. 
In order to transform these qualitative data to quanti­
tative information, a plant under complete turgor was 
arbitrarily designated with the number zero, a plant with 
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médium intensity was assigned the number and^  for severe 
conditions the number 2 vras entered. In this way a numerical 
value was calculated for each date and for the 3 fertilizer 
treatments. Further it was assumed that vegetative growth 
was a function of the rates of applied K atnd ?, and average 
¥? for the 3 replications was plotted against N and ? levels 
of the 3 treatments and by interpolation a number was found 
for the rest of plots in which direct observations were 
not K^ de. In Table 15 of the Appendix is included the ¥P 
number for sites and periods. 
The graphical representation of the relationship 
fertilizer rates versus ¥P index in most cases was of 
exponential naturereached a maximum and was fairly 
constant thereafter. In a few cases a sigmoidal relationship 
was observed and also a few instances parabolic curves were 
suggested. Because there was no fundamental basis to explain 
the decrease in ¥P number when N and P continued to increase 
in this latter case, the curves were traced freehand to 
approximate a least squares fit of the exponential curves. 
As in the case of available* soil moisture a fifth order 
orthogonal polynomial was fitted to these data in order to 
get the corresponding distributional coefficients for ¥? as 
a function of time. 
As a means of pre-evaluation or attempt to determine 
whether some relationship did exist between the ¥? number 
and yield, a set of graphs were elaborated in which several 
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yield, criteria,, like yield of check plots,, aY, defined as 
maximum, yield minus check plot yield, maximum yield, 
average yield for the 3 treatments where direct measurements 
on WP were taken and aY, defined as maximum minus minimum 
yield, were plotted against ¥? during the vegetative stage 
observed before tasseling and WP number during the period 
from tasseling to silking. It was found that in most cases 
the different yield criteria followed a roughly hyperbolic 
relationship with the ¥P number, i.e., similar to the 
function 
in which Y is the yield criterion and x is the WP number. 
E. Statistics 
A second order experimental design In two variables, K 
and P was employed. A partial factorial including 17 
treatment combinations out ofaTxT^ x? factorial was 
the basic design and the selected points were located in the 
bidimensional plane corresponding to a modified triple square. 
Siis modification consisted of substituting the treatment 
combinations represented by the four middle points of the 
exterior square by those of midpoints of the middle square. 
Rates of nitrogen and phosphorus appear in Table l6. She 
eighteenth treatment used In of the sites was formed 
by adding K to the mean N and P treatment to form l80 -i- 73 ^  
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60> anci in tlie rest of experiments it was formed by adding 
zinc sulphate at 75 Kg/ha. Three replications were employed. 
An analysis of variance for each location was computed 
to ascertain fertilizer treatment effects. Analysis of 
covariance was also made so that yield could be corrected 
for stand differences. 
Multiple regression analyses for each experiment were 
computed in the Iowa State Statistical Laboratory.^  Yield 
was regressed on fertilizer variables up to the second 
o 2 degree polynomial with cross-product, i.e., on N, P, P 
cind NP; on two replication variables (dummy variables) and 
on plot stand, in order to get the partial regression 
coefficients for fertilizer variables at each site adjustable 
for replication and stand effect's if any. 
Data on available soil moisture and wilted plants were 
fitted separately to a 5th degree orthogonal polynomial 
degree to get the corresponding distributional coefficients. 
This was done over the 13 periods in the growing season 
included in this work for both soil moisture and wilted 
plants information, but this procedure was also applied to 
wilted plants over the first 8 periods. This decision was 
taken because, after the eighth period, wilting was observed 
in only two of the experiments. Difficulty in detecting 
•^ Grateful acknowledgement is made to îfery A. Clem, 
Associate, Statistical Laboratory, Iowa State University, for 
statistical computations. 
vfiltlng signs m th,e corn crop as physiological maturity 
approaches is possibly due to the decrease in the rate of 
évapotranspiration, also as later stages of the crop are 
reached, -greater amounts of precipitation and the nature of 
shovrers during these later periods in most locations could 
explain a great deal of the lack of recorded wilted plants. 
Fertilizer levels were coded orthogonally and non-
orthogonally, e.g., -3, -2, -1, 0, 1, 2 and 3 for the 7 
levels of N and ?, and 0, 1, 2, 3, 4, 5 and 6 for the same 
7 levels under non-orthogonal codification. Variety potential 
was included according to the information available at the 
end of the same season and collected by the Corn Breeding 
Section of the Puebla Project. Planting date was coded by 
assigning number l8 for April l8, 19 for April 19 and so on. 
Hail damage for the 4 sites where damage was suspected to 
have some effect on yield was coded as follows: if growth 
stage was around 50^  tasseling and defoliation was 20 to 25^ , 
-1 was assigned; If growth stage was 50 to 60^  tasseling and 
defoliation was 50 to 55^ , the coded value was -2.5. Finally, 
for disease presence, -1 was assigned for Site 26 where common 
smut (Ustllago spp.) was observed at an Important Infectious 
degree, 
In order to determine how weather, soil and subsoil 
variables, management and miscellaneous effects (hall, 
diseases) affect yield response to fertilizer, a set of 
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multiple regression analyses were oomputed in whioh, yield 
and partial regression coefficients for fertilizer terms 
previously found for each site were used as dependent 
variables and regressed on distributional coefficients for 
wilted plants for 8 periods, on distributional coefficients 
for moisture, soil and subsoil properties, management 
factors (variety potential and planting date) and miscellan­
eous effects (hall and disease). 
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IV._ RESULTS AND DISCUSSION 
In recent works (74, 25, 15, 67, 54) it has been 
clearly noted that If one wants realistically to explain the 
largest amount of variability in, yield observed tri thin and 
among sites, consideration of most factors responsible for 
production of crops, must be involved. In an arbitrary way 
some of these factors have been classified as controlled 
like applied fertilizers, in the sense that researcher 
decides the elements and levels which he wants to include 
in his study on the basis of prior information or knowledge 
about the degree of deficiency of elements in the soils 
under investigation. Among the uncontrolled factors, soil 
properties and climate have usually been mentioned. 
In the present research, an attempt was made to include 
this complete "package" of production factors and main and 
interaction effects were permitted in an attempt to look 
at the integrated effects of controlled and uncontrolled 
factors on corn production. 
A. Preliminary Examination of the Results 
1. Response to N and P_ fertilizers 
Corn response to fertilizer varied among locations. 
In Table 1 are reported average yields for the different 
sites. An analysis of variance was made for every experiment 
and the results appear in Table 2. It is observed that at 
Table 1, Average yleldn of oorn grain at V?.% molRture exprefssed in ton/ha. 
Puebla, 1967 
no. treat 01 
1 0+0+0 6.16 
2 360't0't-0 5.30 
3 60+25"I'0 6,19 
4 180-125-1-0 6.12 
5 300+25+0 
6 120+50+0 6.06 
7 240-1-50-1-0 5.69 
8 60-i-75'i'0 6.42 
9 180+75+0 5.74 
10 300+75+0 5.81 
11 120-I-100-H0 6.25 
12 240+100+0 5.80 
13 60+125+0 5.93 
l4 180+125+0 6.11 
15 300+125+0 5.99 
16 O-t-150-l-O 6.57 
17 360-1-150+0 6.15 
18 180+75+60 M MR 
l8a l80+75-i-0+ZnD6. 4l 
LSD N.S. 
Locations 
02 03 04 05 06 07 08 09 10 
K^g/ha of N -f PgO^ t KgO, 
7^5 kg/ha ZnS0^ .7Hg0. 
2,27 
2,81 
2,39 
0.01 3.24 0.15 0.03 0.51 0.25 0.51 1,01 0,41 
4.56 3.57 3.93 4.08 3,59 2,86 3.10 3,12 o,4o 
2.04 4.98 2,45 2.28 1.75 2,30 2.61 2,78 1.17 
4.65 3.63 4.69 4.78 3.89 3.76 5.10 3,01 1.84 
5.36 4.75 4.47 4.51 3.68 3.74 5.39 3,44 
4.61 3.96 4.54 4.67 3.48 4.32 4.16 3,26 
5.85 5.18 5.03 4.87 3.36 4.00 5.74 3,45 
1.95 4,67 2.22 2.02 2 .02  2 .24  3 .05 2,87 1,79 
5.27 4.19 5.28 4.63 3.97 4,68 6.21 3,61 2.93 
6.07 6 ,06  5 .03  5 ,07  3 .85  4 .58  6 ,32  3 ,54  1 ,18  
4.59 3.51 4.77 4.65 3.66 4.29 5.08 3,59 2,12 
6.05 3.55 4.70 4 ,93  4.17 4,86 6,36 3 .89  2,39 
1.59 4 .15  2.32 2 .44  1.91 2 .45  3.21 3,07 1.43 
5.81 4.93 5 .75  5 .29  4. .  62 5.52 6.13 4,10 3,21 
5.62 4.52 5.71 4.83 4.12 5.30 7.02 3,32 2,87 
0.01 2.83 0,18 0.16 0.44 0.15 0.36 1,24 0,10 
6.47 5 .97  4 .96  5 .15  3 .76  5 .48  7 .50  3 ,89  2 ,94  
4 ,4o  5 .46  -  -  -  4 .22  6.12 2,55 
4,35 5.0^  --- 4.70 —3 ' 57 »-'-~ 
0.86 N.S. 0.82 0.72 0.45 0.65 0.60 0,74 1,29 
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Table 1 (Con tin vied) 
Locations 
25 26 27 
0,32 1 .42  1 .40  
4.45 1,59 2.47 
2.75 1 ,61  1 .77  
4 .58  1 .71  2 .48  
3 .55  1 .75  2 .31  
4 .03  1 .61  2 .05  
4 .83  1 .65  2 .36  
2 .75  1 .77  1 .54  
4.47 1.75 2.29 
3.81 1 ,90  3 .02  
4 .25  1 .68  2 .14  
4 .53  1 .54  2 .28  
2 .46  1 .55  2 .03  
3 .52  1 ,62  2 .31  
4 .61  1 ,53  2 .23  
0 .57  0 ,96  1 .34  
5 .05  1 .56  2 .34  
~ 1 .46  -  -  -
4 ,43  ~~  2.79  
0 .78  N,S. 0.81 
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Table 2. Analysis or variarxoe for yield in eaok^  site 
Site no. Sottroes of Degrees of Mean squstres^  
variation freedom 
01 Replicate 
Treatment 
Error 
2 
16 
32 
4.60 
3.76 
2.09 
02 Replicate 
Treatment 
Error 
2 
16 
32 
8.43  ^
142.85*** 
2.76 
03 Replicate 
Treatment 
Error 
2 
16 
32 
130.45*** 
20.39 
17.61 
04 Replicate 
Treatment 
Error 
2 
16 
32 
2.09 
91.96*** 
2.26 
05 Replicate 
Treatment 
Error 
2 
16 
32 
19.99*** 
92.19*** 
2.04 
06 Replicate 
Treatment 
Error 
2 
16 
32 
15.57*** 
54.31*** 
0.82 
07 Replicate 
Treatment 
Error 
2 
16 
32 
1.53 
89.74*** 
1.77 
08 Replicate 
Treatment 
Error -
2 
16 
32 
5.57 
154.20*** 
1.74 
09 Replicate 
Treatment 
Error 
2 
16 
32 
42.25*** 
27.24*** 
1.69 
10 Replicate 
Treatment 
Error 
2 
16 
32 
13.11 
31.52*** 
6.54 
test significances. 
at 0.005 or lower probability level. 
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Table 2 (Continued) 
Site no. Sources of Degrees of Mean squares 
variation freedom 
11 Replicate 
Treatment 
Error 
2 
16 
32 
5.58 
85.94*** 
1.96 
12 Replicate 
Treatment 
Error 
2 
16 
32 
1.71 
39.59*** 
- 0.85 
13 Replicate 
Treatment 
Error 
2 
16 
32 
4.34 
3.24 
1.98 
14 Replicate 
Treatment 
Error 
2 
16 
32 
17.57*** 
11.27*** 
2.65 
15 Replicate 
Treatment 
Error 
2 
16 
32 
3.85 
8.01*** 
1.21 
16 Replicate 
Treatment 
Error 
2 
16 
32 
3.05 
46.17*** 
2.52 
17 Replicate 
Treatment 
Error 
2 
16 
32 
53.28*** 
12.38+° 
5.89 
18 Replicate 
Treatment 
Error 
2 
16 
32 
16.65+ . 
12.82**^ 
4.59 
19 Replicate 
Treatment 
Error 
2 
16 
32 
11.65*® 
23.56*** 
2.23 
20 Replicate 
Treatment 
Error 
2 
16 
32 
6.41** 
49.32*** 
1.09 
-h at 0.050 probability level, 
at 0.010 probability level, 
e* at 0.025 probability level. 
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Table 2 (Continued) 
Site no. Sources of 
variation 
Degrees of 
freedom 
Mean squares 
21 Replicate 2 2.20 
Treatment 16 17.84*** 
Error 32 2.19 
22 Replicate 2 1.71 
Treatment 16 31.66*** 
Error 32 4.89 
23 Replicate 2 0.58 
Treatment 16 31.26*** 
Error 32 2.28 
24 Replicate 2 23.59" 
Treatment 16 15.64** 
Error 32 5.77 
25 Replicate 2 4.06 
treatment 16 58.70*** 
Error 32 2.28 
26 Replicate 2 1.35 
Treatment 16 1.36 
Error 32 1.04 
27 Replicate 2 5.17 
Treatment 16 6.64* 
Error 32 2.67 
23 out Ox 27 locations there were significant treatment 
effects. As far as replications are concerned, replicates 
"removed a significant portion of the total variation in 1/3 
of the cases. Weather is assumed to be constant within 
locations, so this variation among blocks may be assumed to 
be an expression of the soil variability. If this variability 
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among replicates were constant over yearsthis asswaption 
•would be easy to accept» If lack of consistency is the 
rule, factors other than soil variability would have to be 
considered. But these experiment were conducted for only 
one year so the assumption cannot be tested. 
Analyses of covariance at each site were also computed 
using stand as the covariate but no further significant 
treatment effects appeared as consequence of the removal of 
the stand effect. 
Treatments l8 and l8a were included to complete an even 
number of treatments and were used to obtain qualitative 
information about K and Zn deficiencies. In l4 and 13 sites, 
K and Zn respectfully, represented the additional treatment. 
Least significant differences at 5% of probability were 
computed to compare differences between treatment 9 (l80 4-
75 -r O) with treatment iB and with treatment iBa and are given 
at the bottom of Table 1. Only at a very few sites (02, 22 
ana 23) vegetative deficiencies of Zh were observed but 
experimental sites 02 and 22 in the eighteenth treatment had 
K so that it was not possible to know if Zn application would 
have corrected that deficiency and increase corn yield. At 
site 23, located close to site 22, Zn deficiency was 
corrected. Treatment with this element removed the character­
istic lack of Zn symptoms, but increase in corn yield was not 
significant. In no case was response to K observed, yields 
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with and, without K were statistically the same. This is in 
accordance with the general findings that up to date have been 
reported in most agricultural regions in Mexico. A quick 
look at the results of the chemical analyses of the soils 
would also support these results since abundance of 
exchangeable K is the rule. 
Several reasons can be mentioned to explain the lack of 
treatment effect at sites 01, 03, 13 and 26. For instance 
site 01, even though it was attempted to have only sites with 
2 years of corn and no legumes or manure in at least 2 years, 
was in corn only during 1966, was in alfalfa in 1964 and 1965 
with some manure in 1964. Residual effects undoubtedly are 
the reason for lack of fertilizer response. Also in this 
experiment, with the presence of a water table at a fairly 
shallow depth, corn was well supplied with water through 
the season as indicated by the observation on wilting 
conditions taken during the growing season. 
Site 13 had the same situation as location 01 as far 
as residual effects of prior management are concerned, but 
yields were considerably lower due to a completely different 
situation as far as soil moisture is concerned. Experiments 
01 and 13 were located no more than 3 kilometers apart but 
there was no water table under site 13. Precipitation also 
was culte low so that severe wilting conditions were 
observed during a great part of the season. 
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At location 03, experimental error was so high, that 
only replicate effects were detected. As the season went 
on J, it was observed that there was a belt of abnormally high 
corn growth that crossed the experimental area transversally. 
It was learned later that several years back there was land 
removal along this belt. 
The reasons that could be pointed out for explaining 
lack of fertilizer response at site 26 were the severely 
dry weather conditions that prevailed during most of the 
season and the high soil test values for N, P and K in the 
top soil. Later it will be pointed out that this location 
was subjected to very severe drought conditions and only at 
the end of the corn growing season was the situation improved 
but the damage had already been done and vegetative growth 
and grain yield were very low. 
After- analyses of variance were performed, the next 
: tap in the statistical manipulation of the data, was to 
carry out a regression analysis for data from each site by 
_ fitting the data to a quadratic model in N and P, which 
included linear and quadratic terms and the crossproduct NP. 
In this way treatment effects would be more clearly defined 
because analysis of variance only indicates the overall 
treatment effect. Yield was regressed also on 2 dummy 
variables for replicates and on stand. It was mentioned 
that the same plant density was attempted for all sites but 
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in. some cases there were population failures^  so that a stan4 
variable was inclucîecî to permit expression of a population 
effect. Under these conditions, the resultant partial 
regression coefficients for the different fertilizer terms of 
the quadratic model will come out free of the replication 
and stand effects if any. In those cases where partial 
regression coefficients for stand were significant, coeffi­
cients for fertilizer terms were taken from those regressions. 
Sais happened at sites 09> 17, l8, 21 and 22 where increases 
p 
in R of 3 ,  7 ,  8, 6 and 7 percentage poi^ s were observed, 
respectively, in relation to those regressions where stand 
was not included as an independent variable. 
In Table 3 are shown the partial regression coefficients 
for each fertilizer term, for replicate variables and for 
stand when it was significant. Also given are significance 
p 
levels and values of R . 
An examination of R values Indicates that, in l6 of 
the experiments, the terms selected were able to account for 
7C^  or more amount of the total variation. In 8 of these, 
the selected terms accounted for 90^  or more of the total 
variation. This is an indication that at least at about 60^  
of the locations fertilization with N and P and soil 
variability, since It is assumed that significance among 
blocks is primarily due to soil property variation, are the 
2 
main factors in causing yield variability. Values of R 
Table 3. Partial regression coefficients for each fertilizer term of the quadratic 
model (codified non orthogonally), for replicate dummy varlates and 
stand, their Blgnlflcance level and 
Varlatee Locations 
01 02 03 04 05 06 07 
20,160 -0.943 8.838 0.304 -0.167 0.444 1,736 
- 0.642 8.379*** -0.689 8.334*** 7,872*** 6.958*** 6,746*** 
pQ - 0.045 -0.340 2.293+ -0.791 -0.319 -1,093'^'+ -0.195 
K 0.013 -0,981*** 0.174 -1.093*** -0.989*** -0.908*** -0.944*** 
p2 0.023 0,04l -0.425+ 0.139''" 0.057. 0.200* 0.035 
NP 0.055", 0.152** 0.119 0.107* 0.075" 0.036 O.273+++ 
Rl 0.932"" 1.264'''" 4.685** 0.597 2,154*** 1,207** -0,598 
Rg 0.865"" 1.170''"'- -0.219 0.616 1.293* 1.890** -0.345 
R^  0,42 0.94 0.37 0.91 0,92 0,92 0,92 
15 16 12 18 19 20 21 
b^ 10.675 6,558 -10,656 -50,572^ 3.483 2.067 -4.513 
0,485,, 4.932*** 0.006 1.685" 4.121*** 6.052*** 3,358*** 
P„ 1.189"" 1,102+ 0.008 -0.220 -0,031 -0,635" 0,029 
N? -0.092 -0.533*** -0.073 -0.359* -0,552*** -0,821*** -0,438*** 
p2 -0.255* -0,123_^  -0,059 0.052 -0.022 0,087 0,002 
NP 0.093* -0,080" 0.146++ 0.052 0,012 0,122*** -0,039 
R-, -O.826++ -0,843" 2.291* -0.181 -1,626** 1,154** 0,222^ 
Rp -0.003 -0,350 -0,849 -1,802* -0,542 0,214 ' 0,662" 
S 0.122* 0,444** 0,096** 
R^  0,51 0,81 0,37 0,48 0.73 0.93 0.79 
/["Probability level O.30. 
Probability level 0,10. 
•"^Probability level 0,05. 
**Probablllt y level 0.01, 
***pj^obablllty level 0,001 or lower than 0,001, 
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for the reciainlïis II sites were lower than 0.60, varying 
from 0.21 to 0.59 and, averaging 0.43. Under this situation, 
factors other than fertilizer and replicates should be 
taken into account if more unexplained yield variability is 
to be clarified. Uncontrolled factors like weather and some 
management practices and their interactions may be a source 
of such variability among sites, since within experiments 
they are taken as constant and probably are nearly so. 
However, it is observed that in four out of the 11 sites 
where R2 reached the lowest values, corn was under severe 
wilting conditions most of the 78-day period, as can be 
seen in Table 15 of the Appendix where the numbers of wilted 
plants are reported. As stated earlier, a theoretical 
constancy of available soil moisture amounts and atmospheric 
demand is assumed among all plots at a given location. But 
the author observed that, during the period of field 
observation on wilting, turgor of plants in many cases was 
quite different within the same individual plot, i,e,, in 
the 8.0 M long row, there were plants under all three 
drought intensity classifications. Are these different 
micro-climatic conditions responsible for a great part of 
the experimental error, the remaining source of variation, 
where the unexplained variation arises? In the present 
study there is no way to determine this. 
Observation of the significance levels and signs of the 
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fertilizer terrcLS is required to get a better understanding 
of how fertilizers affected yield in each experiment. At 
19 out of 27 sites the linear N effect was positive and 
significant, at two it reached a 0.30 level of slgnifiCoLnce 
and in 6 cases, including the 3 locations where management 
was different, linear N response was not significant. Now 
at the 19 sites just noted, linear K effect was associated 
with negative and significant quadratic N (N^ ) effects, 
indicating, on the whole, that N addition increased grain 
yields at a diminishing rate. 
In no case did P cause a linear effect of considerable 
magnitude and significance except for a few cases where 
significance levels were either 0.10 or 0.30. Quadratic 
P effect was significant at 0.05 level in three cases, having 
a positive sign at one site which implies an increase in 
yield at an increasing rate, but at the other two sites the 
sign was negative meaning that Increase in yield was at a 
decreasing rate. The latter, of course, is the expected 
effect, if any. 
Looking at the N? Interaction, it is noted that at 
almost 40^  of the sites the cross-product was positive and 
significant indicating that rates of N and ? for optimum 
and maximum yields will be a function of both elements. 
In Table 4 are given the average site values for the 
four chemical determinations made in the soil testing 
laboratory. Even though Information is not available about 
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Table 4.. Average soil test values/site for N, P, K and pH 
in the plQw layer 
Site N P K 
pp2m pp2m pp2m pK 
01 71 41 581 7.37 
02 12 18 191 6.47 
03 90 — 89 284 6.06 
04 7 19 180 6.54 
05 9 17 239 6.53 
o6 11 14 218 6.54 
07 9 11 180 7.00 
08 7 12 155 6.77 
09 19 24 152 6.69 
10 46 13 431 6.97 
11 6 7 224 6.87 
12 10 11 192 6.74 
13 64 43 595 6.57 
14 26 15 219 6.99 
15 45 73 487 6.23 
l6 21 58 290 6.82 
17 35 103 649 7.83 
18 48 234 397 6.56 
19 l6 29 l4l 5.91 
20 14 18 219 6.42 
21 61 54 403 6.66 
22 10 16 158 6.52 
23 17 21 172 6.57 
24 55 66 380 6.79 
25 14 37  ^ 256 7.12 
26 70 43 542 7.89 
27 51 49 421 7.86 
calibration of methods of analysis and it is not known 
whether the procedures of the Iowa State University Soil 
Testing Laboratory are the suitable ones for Puebla's soils, 
especially for ?, results obtained in the laboratory and 
response of corn to fertilizer in the field are in general 
agreement with what one would expect. For Instance, 
6l 
preliminary analysis of variance indicated that at sites 01, 
03, 13, and 26 there was no fertilizer response. A look to 
the laboratory data shows that these four locations were 
rated as the highest in the N test. In at least two of 
these cases', as already raentioned, there were present 
possible residual K effects due to prior management. The 
soil tests for P at the same four sites were classified on 
the borderline of medium and high categories^ , even though 
they were not the highest values. Therefore, field P 
response would not be expected or probabilities of getting 
it would be\ very low. But on the other hand, it is not 
possible to draw final conclusions from these few cases 
because there also were situations where soil test P would 
be classified as very low and low. Under these conditions 
one would expect P response in the field or at least the 
probabilities of obtaining it would be high but these 
experiments generally were not very responsive to P. 
Considering, therefore, the associated extremely low 
N supply in most cases, the addition of more available P to 
the soil having deficiency of N would tend to increase N 
"According to the Iowa State University Soil Testing 
Laboratory classification with values given in pp2m 
Very low Low Low-Med. Medium Eip;h 
P less than 15 16-25 26-35 36-45 more than 4-5 
K less than 70 71-125 126-150 151-200 more than 200 
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deficiency even, rwther and grain yield would tend to be 
still lower in comparison with plots that did not receive P. 
Comparing average yields for treatments O+O-i-O and 0+130+0 
in Table 5, it is evident in 16 out of 26 cases that yields 
on check plots were higher than yields on plots that 
received 150 Kg/ha of PgO^  ^even though only in two cases 
were the differences significant. 
In the same Table 5 are given the average yields for 
plots that received only N. It is clear that the situation 
is quite different. The unique addition of N did increase 
the yield remarkably at almost all sites in a highly 
significant manner. Site 10 is an exception where the yield 
of check plots was the same as the yield of K treated plots. 
The contrary is observed at site l6, where the application of 
N alone produced the highest yield. 
The K situation is quite clear. Except for site 19, 
where exchangeable K was in the low-medium range abundance 
of this element was noticeable, so K response was not 
expected and was not observed. 
As a concluding remark, it is clear that N was by far 
the most limiting element. This is not surprising because 
this is a general world-wide phenomenon observed in most 
crops. Also, P alone was found not to increase corn yields, 
unless it was applied in combination with M, as indicated by 
the positive and significant NP interactions observed at a 
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Table 5. Average yield. ton/ha of corn grain at 12^  
ûivisture fer treatraents 0+0+0J. 0+150+0 and 
360+0-r0 
Site Treat. Treat. Treat. LSD 
no. 0+0+0 0+150+0 360+0+0 5^  
01 6.16 6.57 5.30 N.8. 
02 0.01 0.01 4.56 0.86 
03 3.24 2.83 3.57 N.8. 
04 0.15 0.18 3.93 0.82 
05 0.03 0.16 4.08 0.72 
06 0.51 0.44 3.59 0.45 
07 0.25 0.15 2.86 0.65 
OS 0.51 0.36 3.10 0.60 
09 1.01 1.24 3.12 0.74 
10 0.41 0.10 0.40 1.29 
11 0.03 0.07 1.59 0.80 
12 0.20 0.23 2.60 0.49 
13 2.89 2.13 2.68 N.S. 
14 0.63 0.40 2.02 0.87 
15 2.88 1.98 3.38 0.55 
16 1.49 2.40 6.51 0.94 
17 1.99 0.89 1.36 1.13 
18 3.54 3.16 2.91 0.92 
19 0.48 0.31 2.87 0.84 
20 0.83 0.38 3.62 0.54 
21 2.29 2.67 4.09 0-70 
22 1.49 1.17 4.48 0.99 
23 0.97 1.20 4.09 0.80 
24 3.13 2.97 4.36 1.27 
25 0.32 0.57 4.45 0.78 
26 1.42 0.96 1.59 N.S. 
27 1.40 1.34 2.47 0.81 
third of the experimental sites. 
2. Available soil moisture (ASM) and ^ rilted olants ("¥?) 
concepts 
Available soil moisture (ASM) in the 1,20 M profile 
expressed as the percent of the available moisture present 
at field capacity and number of nonwilted plants or turgid 
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plants^  ©xpresseci as percent of the total nwiber in the 
experimental area where wilting observations were taken, 
are plotted in Pig. 2 for the 78-day period over all 27 
sites. On the average for this time period the value of ASM 
was 51^  of the available moisture present at field capacity. 
It started at about 65^  during the first period, then it 
decreased as the season progress d, reaching the lowest value 
around the middle of tasseling-silking time. On the average 
it probably was not too low because for the two measurement 
periods between the tasseling and silking stages the average 
available soil moisture was 45^ . Then it started to increase 
again and went up slightly to 55^  at the end of the 
thirteenth period. 
In the^ same graph (Fig. 2), percent of turgid plants 
began high in the first period, about 96^ , then as in the 
case of ASM it decreased in a trend similar to ASM but it 
did not reach the lowest value in the seventh period like 
ASM did, but three periods earlier, increasing from that 
point until the end of the season. One would expect that as 
ASM was decreasing and the number of turgid plants was doing 
the same under a given atmospheric demand, a continued 
decrease in ASM would bring a concomitant decrease in the 
Non-wilted plants values were computed by finding first 
the percent of wilted plants under medium intensity as 
described earlier and subtracting it from 100. 
Fig. 2. Available soil moistiare (ASM) as percentage of 
the available water holding capacity and 
percentage of turgid plants (TP) distribution 
over the 13 6-day periods. 
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number or turgid plants. But percent turgid plants increased 
as A3M continued going down, probably because atmospheric 
demand was less. A large number of cloudy or partly cloudy 
days were observed during the time of wilting observations 
in the time interval from fourth to the seventh periods. In 
addition, the general type of precipitation in this region is 
characteristically that of frequent and small showers. No 
further information is available about the relationship 
because open-pan evaporation and evapotran^ iration data 
were not collected. Therefore, one cannot say that in fact 
atmospheric^  demand was less during those periods. 
Assuming that observations of wilting plants in the 
last part of the season were reasonably well recorded in 
the sense that classification of wilted and turgid plants 
was fairly clear, it is evident that for the same absolute 
ASM value, different percentages of- turgid plants were 
observed in the first and in the second halves of the 78-day 
period. For example, 50^  ASM is observed both in period 5, 
corresponding to the beginning of tasseling and in period 11, 
equivalent to 23 days after silking, but 88^  and 98^  
turgid plants were noted for the same two periods, respectively. 
In the same graph (Fig. 2), a broken line is derived 
showing turgid plant distribution over time to indicate what 
would be expected theoretically, assuming that, in general, 
around tasseling and silking the evapotranspli»ation/evaporation 
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rate is hi^ er> that there was rxQ moisture shortage to limit 
évapotranspiration (22) and that atmospheric demand was not 
decreased by cloudiness conditions and/or natwe and 
frequency of showers. 
Both, the estimated mean ASM and number of wilted plants 
for each site through the 78-day period, except for site 26 
in which no data on soil moisture were taken, were repre­
sented by a orthogonal fifth degree polynomial in time. 
This polynomial also was used to derive the distributional 
coefficients for the number of wilted plants for only the 
first 8 periods, because as discussed earlier, after the 
eighth period wilting was detected only at two sites. 
p 
In Table 6 are given the R -values found for these 
three weather expressions. Total variability was better 
p 
explained in the case of ASM where R varied from 0.46 to 
0.99 averaging O.87. In the wilted plants concept for 13 
periods the average R^  for the expression of wilted plants 
for 13 periods was 0.5I with a range from 0.22 to O.91, but 
when only the first 8 periods were considered, average R 
increased to 0.73 with individual values fran 0.42 to 1.0. 
In view of this, the distributional coefficients estimated 
for the first 8 periods, instead of those found for the 13 
periods, and the corresponding coefficients for ASM for the 
whole 78-day period, were employed as independent variables 
in the multiple regression equations. 
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Table 6. Coefficients of determination (R^ ) of the fifth 
v5egi^ -e polynGmls-l for representation; of ASH and 
wilted plants for 8 and 13 periods as a function of 
tim,e 
Site ASM (^13P} ^^ (8p) 
01 0.62 -
02 0.96 0.26 1.00 
03 0.98 0.39 0.90 
04 0.89 0.31 0.90 
05 ' 0.83 0.32 0.42 
06 0.84 0.38 0.36 
07 0.81 
08 0.92 
09 0.94 0.80 0.96 
10 0.99 0.22 0.88 
11 0.46 0.50 0.52 
12 0.75 0.80 0.79 
13 0.96 0.72 0.96 
14 0.85 0.66 0.97 
15 0.82 0.49 0.54 
l6 0.72 0.91 0.98 
17 0.95 0.71 0.53 
18 0.99 0.29 0.77 
19 0.86 0.26 0.50 
20 0.86 0.70 0.80 
21 0.79 0.55 0.54 
22 0.98 0.26 0.48 
23 0.98 0.26 0.48 
24 0.99 0.43 0.75 
25 0.88 0.34 0.73 
26 —•——- —• 0.81 0.88 
27 0.95 0.84 0.95 
B. Effect of Site Variables 
Preliminary examination of the data did not take into 
account site to site variation and discussion was made only 
of within-site variation, i.e., of fertilizer variables. 
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dunœjy replicate variables^  and stand. It was also reported 
how the ASM and MP data fitted the fifth degree polynomial. 
Under a hypothetical but, in practice, unrealistic condition 
of homogeneity of among-site environmental conditions, the 
problem of yield prediction would not be difficult to solve 
and direct application of the derived information in each 
site would be the answer, but the real-world phenomenon is 
different because site to site variation caused by weather, 
soil properties and management factors, are responsible for 
a great deal of change in the nature of fertilizer response 
of most crops and regions. 
In the present work site variables were classified as 
follows: weather variables, which were investigated through 
the use of the available soil moisture concept and expressed 
by the distributional coefficients Mq, and 
and through the use of the wilted plants criterion, 
expressed by the distributional coefficients Wg, 
¥ii and soil variables represented by nitrifiable N (n), 
available P (p), exchangeable K (k) and pH (a); subsoil 
variables, the .same as soil variables (n^ , p^ , k^ , a^ ); 
management factors, expressed in planting date (T) and 
yield potential (V); and dummy variables for disease (U) 
and hall (H). 
Average yield and regression coefficients for fertilizer 
terms obtained at each location were used as dependent 
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variables ancî regressed on sit© variables in order to 
determine how those site factors affected average yield 
arid fertilizer response in the region as a whole. 
A reasonable statistical test to examine the effects of 
site variables on X, b^ , bg, 2^2 1^2' 
average yield and regression coefficients of the terms in 
the quadratic model, is the P-test, computed as follows: 
as numerator of this variance ratio test, information was 
available on site total mean squares for each dependent 
variable, with 26 degrees of freedom, since we had 27 sites. 
As denominator, information was also available on the 
average residual mean square computed by pooling the 
deviations or residual of the fitted fertilizer regression 
model in each site, which multiplied times the corresponding 
element of the inverse matrix of the fertilizer terms, 
produced the intra-site variance estimator, with (26)(43) = 
ll8 degrees of freedom. This test is given in Table 7 with 
the level of significance. It is observed that^  except for 
bpp, statistical evidence indicates that site to site 
variability did exist. This means that a set of controlled 
and uncontrolled factors, was interacting significsintly with 
the different dependent variables, causing them to change 
in magnitude of effect among sites. Site to site variation 
is not homogeneous and the selected site variables had a 
great deal to do in the explanation of the differential 
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Table 7. Inter-site total mean squares^  intra-site variance 
estirnators anci P test far the regreggloa ooeffl-
cients and. average yield 
Term Inter-site 
Total mean 
Squares 
Average 
Residual mean 
Square X 
Intra-site-
Variance 
Estimator 
F test^  
Y 11.353579 3.672 X 0.072000576 157. 6** 
1^ 0.784282 3.672x0.005208 0.01912376 41, .5** 
2^ 0.112691 3.672x0.005208 0.01912376 5. 8** 
1^1 0.142171 3.672x0.005707 0.02095610 6, .7** 
2^2 0.020362 3.672x0.005707 0.02095610 < 1 
bi2 0.012527 3.672x0.000850 0.00312120 4. 0]m 
^^ >120^ °-°5) = 1.49* 
= 1.76** 
5^1 was the number of plots in each experiment. 
inter-site fertilizer responses. In the regression analysis 
carried out at each location, it was found that b^ , b^  ^and 
bi2 &t most sites were responsible for yield increase and 
here, in this inter-site analysis it was found that those 
terms were significantly affected by either climatic 
conditions, soil property differences and/or management 
practices. 
As pointed out earlier, weather was evaluated in two 
ways so two separate sets of multiple regression analyses 
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were carried out. la the first set, the model was arbi­
trarily designated as "moisture model" and in the second one 
as "wilting model", the rest of the site variables remained 
the same in both cases. In a systematic way sets of 
independent variables were dropped out from the full model 
to ascertain partial effects corresponding to the particular 
set of variables which was left out, i.e., full model, either 
moisture or wilting models, minus moisture or wilting 
variables, produced necessary information to get the portion 
of the total variation accounted for by weather; full model 
minus soil variables, produced the needed information to 
determine the portion of the total variation explained by 
soil variables and so on for the rest of site variables. 
In this way*seven different regression equations resulted 
for both models. In Table 8 are reported the coefficients 
of determination (R ) for the regressions of Y, b^ , bg, 
bii, bgg and b^ g on site variables for the full and reduced 
moisture model, The full model that included 19 independent 
variables, accounted for percentages of 81.7, $6.4, 66.8, 
97.0, 69.6 and 78.6 of the total variation observed in Y, 
b^ , bg, b^ ,^ bgg and b^ g, respectively, and 81.7^  as average 
for the five fertilizer terms. It is remarkable that, as 
far as N is concerned, about 97^  of the obse3?ved among-site 
variation was accounted for by those variables, this is even 
more important from the practical point of view when one 
recalls that N is the most frequently limiting fertilizer 
Table 8. Coefficients of determination (R^) for the different regressions of Y, 
hy bg, bgg, and b^g on site variables, taken out of the full 
moisture model (PMM) In sets 
Regression 
number 
* Independent 
variables of the set Y h 
Dependent Variables 
^2 ^11 ^22 ^12 
Average®' 
R2 
IB 
2B 
Full moisture model 
PMM-moisture var, 
Dlff. due to 
moisture var. 
0.817 
0.401 
0.416 
0.964 
0.876 
0.088 
0.668 
0.551 
0.117 
0,970 
0,889 
0,081 
0,696 
0,559 
0,137 
0,786 
0,482 
0,304 
0,817 
0,146 
3B FMM-soll and subsoil , 
Dlff. due to soil and 
subsoil var. 
0.717 
0.100 
0.606 
0.358 
0.394 
0.274 
0,623 
0.347 
0,391 
0.305 
0,456 
0.330 0.323 
4b PMM-V 
Dlff. due to V 
0.758 
0.059 
0.960 
0.004 
0.565 
0.103 
0,967 
0,003 
0.630 
0,066 
0.738 
0.048 0,045 
5B PMM-T 
Dlff, due to T 
0.806 
0.011 
0.963 
0.001 
0.668 
0.000 
0,969 
0,001 
0,690 
0.006 
0.630 
0.156 0,033 
6b PMM-Hail 
Dlff, due to H 
0.694 
0.123 
0.942 
0.022 
0.667 
0.001 
0.957 
0,013 
0.690 
0.006 
0.764 
0.022 0,013 
7B PMM-Ustllago 
Dlff, due to U 
0.814 
0.003 
0.950 
0.014 
0,641 
0,027 
0,959 
0,011 
0.676 
0,020 
0.756 
0.030 0,020 
Average la only for the 5 fertilizer terms of the quadratic model. 
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eleraent lia PuèbXa» 
Distributional coefficients for ASM, Mq,  . w e r e  
able to account for 4l.6# of the variation observed in Y, and 
percentages of 8.8, 11.7* 8,1, 13.7 and 30.4 percent of 
2 the variation fertilizer terras. The average R for the 
latter five dependent variables was 0.146. 
The 71.70 of variation in average yield, Y, was 
accounted for as a consequence of the inclusion of moisture 
variables ..., iy^ ), management, T, V and miscellaneous 
effects, H and U. This means that only 10.00 could be 
attributed to soil and subsoil properties, but in the counter­
part an average of 32-30 of the variability observed in the 
five fertilizer terms, was explained by the eight soil and 
subsoil variables. 
2 Considering these results and assuming that R is an 
adequate statistic to determine contribution of reduced 
models in multiple regression analyses as visualized in the 
present study, it would seem that observed average site 
yield, Y, was more affected by the changes in ASM than by 
the changes in soil and subsoil properties, but the 
response to fertilizers among sites, b., b^ g, on the 
average was more influenced by the level of available 
nutrients in the soil and subsoil than by the changes or 
differences of ASM among sites. 
Management practices, V and T, and miscellaneous effects, 
H and H, were able to account for only a small portion of 
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the variability in Y and fertilizer terms. 
As far as the wilting model is concerned, using as 
the evaluative statistic, it is observed that a lower level 
of variability of Y was accounted for by the whole set of l8 
independent variables, The coefficient of determination was 
0.647. Values of for b^ ,...^ b^  ^were 0.948, 0.694, 0,940, 
0.682 and 0.600, respectively, averaging 0.773, as can be 
seen in Table 9-
Distributional coefficients for WP, ¥q,...,¥^ , 
accounted for 24.6^  of the variability of Y as compared to 
4l.6$^  obtained when weather was visualized as ASM, i.e., 
Mq,The variation observed in response to fertilizer, 
b^ ,.,.,b^ 2J ^ 8 somewhat better explained by soil and 
subsoil properties in the wilting model, i.e., 37.1^  against 
32.3^  for the average of the five fertilizer terms in the 
moisture model, and also a little better, 17-5^  against 
10.0^ , in ti&e case of Y. 
The same relationships were observed in the wilting 
model as in the moisture model as far as management and 
miscellaneous effects are concerned, because only a very 
small amount of inter-site variability was accounted for 
by V, T, E and TJ. 
Considering these results and given the slight super­
iority of the ASK concept over the WP criterion as evaluative 
approaches for weather effects in this particular work, that 
Table 9. Coefficients of determination (R^ ) for the different regressions of Y, 
bg, b^ ,^ bgg, and b]^ g on site variables, taken out of the full 
wilting model (PWM) in sets 
Regression 
number 
Independent 
variables of the set y tl 
Dependent Variables 
2^ 1^1 bgg 1^2 
Average® 
10 
20 
Full wilt, model 
FWM-wllt. var. 
Dlff, due to wilt, 
var. 
0.647 
0.401 
0.246 
0.948 
0.876 
0.072 
0,694 
0.551 
0,143 
0,940 
0,889 
0,051 
0,682 
0,559 
0,123 
0.600 
0,482 
0.118 
0,773 
0.101 
0
 
cn 
FWM - soil and sub­
soil var. 
Dlff. due to soil 
and subsoil var. 
0.472 
0.175 
0.634 
0.314 
0.187 
0,507 
0.583 
0,357 
0,234 
0,448 
0.368 
0.232 0,371 
40 PWM-V 
Dlff. due to V 
0,647 
0.0 
0.916 
0.032 
0,685 
0,009 
0,903 
0,037 
0,680 
0,002 
0.582 
0,018 0,020 
50 PWM-T 
Dlff. due to T 
0.631 
0.016 
0.948 
0,0 
0.690 
0,004 
0,939 
0,001 
0.676 
0,006 
0.597 
0,003 0,003 
60 PWM-Hall 
Dlff. due to H 
0.647 
0.0 
0.940 
0.008 
0,693 
0.001 
0,937 
0,003 
0,678 
0,004 
0,570 
0.030 0,009 
70 PWM-Ustll. 
Dlff. due to U 
0,646 
0.001 
0,906 
0,042 
0.663 
0.031 
0.909 
0,031 
0,652 
0,030 
0,596 
0,004 0,028 
% g— 
Average R Is only for the 5 fertilizer terms of the quadratic model. 
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field observation, of wilted plants is a more time conaijraing 
operation than ASK observation and that the cost of collecting 
¥P data is also higher, one would decide for ASM as the 
approach for examining the effects of weather on crop yield, 
if facilities were such that one would have to decide 
between them. Also, one must take into account that some 
bias may arise from persons that obtain wilting data in the 
field, because it is readily possible that two individuals 
may classify the same plant under different categories of 
wilting condition. This implies that the same person would 
have to take the field observations on ¥P throughout the 
season. 
In theory, it was expected that if some index could be 
derived from the plant itself, this index would carry soil, 
climatic, management and plant genetic effects. There may 
still be^ found some better way of estimating degree of 
wilting. 
In Tables 10 and 11 of the Appendix are reported the 
statistics for the regression of Y, b^ , b^ , b^ ,^ b^ g and b^ g 
on site variables for the full moisture and wilting models. 
1. Effect of ASM and WP over time 
It has long been recognized that the supply of the same 
amount of ASM has different absolute effects on com yield 
depending upon the stage of plant development at which 
this soil moisture is available to the crop. Then it is of 
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interest to determine hovf ASM and MP measurements affecteci 
yield and response to fertilizers over the length of time 
considered in this study. 
If one wants to describe fertilizer responses in terms 
of how site variables affected them, it seems most reasonable 
to use the whole set of independent variables in the 
regression models. This will permit a fairer comparison 
among the dependent fertilizer variables, b^ , ...^ b^  ^since 
they carry the same set of site independent variables. I5ie 
situation is different if one wants to derive the general 
prediction equation, in which case it is more practical to 
drop out those terms of the regression models that contri­
buted only little to the explanation of inter-site variability. 
In the end, the prediction will be more precise, even though 
2 
a small reduction in R is observed. So it was decided to 
use the whole set of independent variables to examine the 
effects on the dependent variables. Later will be presented 
the general prediction equation after the terms with low 
levels of probability <50, were dropped out. 
As reported by Turrent (67) the regression coefficients 
associated with distributional coefficients such as Mg, 
and represent the regression coefficients 
13 8 
multiDlied 2 K. and z 1 -, i = 0, ,5, of functions that 
n=l  ^ n=l 
express how yield and fertilizer terms are affected by unit 
changes of ASM and ¥P over time, respectively. After these 
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regression coefficient-ciistributional coefficient associations 
O 
are divided by «> the sim of squares of the orthogonal X J 
polynomials, i = 1, j.13 and i = 1, ...,8 for the moisture 
and wilting models respectively, and J = 0, 1, sets of 
coefficients are obtained which operated orthogonally will 
proportion the needed information for the graphical repre­
sentation of the phenomenon to be described. For instance, 
suppose it is desired to know how b^ , linear regression 
coefficient for N, was affected by unit changes of ASM over 
time, equation number 2 of Table 10 of the Appendix is used. 
After the partial derivative of b^  with respect to is 
2 
obtained and dividing it by the following expression 
is obtained: 
= 0.0009 + 0.0012 -0.9294 
' 1 %0 %2 
2§.o J, 2§ 
4- 0.1367  ^-0.2025  ^-2.0154  ^
% % 
Then by the use of tables of orthogonal polynomials reported 
by Anderson and Houseman (l), numerical values are obtained, 
vfcich multiplied by the corresponding conversion factors to 
transform into common units^ , needed information is 
obtained to get the graphical representation pointed out 
earlier. Following this example: 
K^g/ha/Kg/mm in this particular case. 
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13 
0.0012 
Î52~ (-6) + 
= (-0.0305)? 
= 0^(1) + Oj^ (-5) + 
= (-0.0808)P 
Bb 
ÔM 1 = 0^ (1) ^ 0^  (g) + 13 ïSâ" 
= (-0.0777)5* 
1 = 1,...jl3 j = Oj...J5 
F = (311,07)(1/60) = 5.185 
-2.0154 
6188 (-22) 
The same procedure was employed to find 5b^ /aW^ , but now i = 
i,...,8, because only the first eight 6-day periods were 
used in the wilted plants representation expressed as Kg/ha/ 
Kg/1000¥P by the use of the Equation 2A in Table 11 in 
the Appendix. 
The whole set of equations reported in Tables 10 and 11 
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were employed to determine the manner In vrhlch yield, was 
affected by those two weather criteria, after b^ , >^ 12 
substituted by their corresponding values and evaluated at 
average rates of N and P, i.e., in the full moisture model, 
Table 10, we have; 
i = -25.6068 + 5.203a + 0.0669n + ... + 2.5447 U + 
[7.2009 + 2.6523a - 0.04lln + ... -4.1883U]N + 
[-18.0385 - 0.1499a -i- 0.173n -i- ... + 1.6527tr]P + 
[-0.9658 - 0.3043a + 0.0078n 4- ... + 0.4732U]N^  + 
[2.4947 + 0.1030a - 0.025n + ... -0.246lU]P^  + 
[-1.0726 - 0.1273a - 0.051n -f ... -0.2387a]NP , 
in other words, b-,,...,b^ 2> were substituted by their 
corresponding values. For instance for b^  
b^ jîf = [7.2009 4- 2.6523a - 0.04lln - 0.0406p - 0.0010k 
-r 0.009 Mq -5- 0.0012M^  - 0.9294*2 O.I367M2 
- 0.2025M2^  - 2.0154 - 3.7466as - 0.0282ns -f 0.0246ps 
+ 0.004lks + 1.223V -5- 0.0358 T - 1.0588s -4.18830]N 
were evaluated as pointed out earlier, and so on for the 
rest of terms. Then and were calculated as 
described earlier for b^ . Figs. 3^  4, 5^  and 6 resulted for 
ÔY/ÔIC, Sy/BW^ ; Bb^ /ÔM^ , ôb^ /2¥^ ; ôbg/ôî^ , ; and 
ôbi2/SM^ , ab^ g/oW^ , respectively. 
First, it is observed that the period between tasseiing, 
a, and silking, b, is somewhat longer than that reported in 
Pig, 3. Effect of an additional unit of available soil moisture on mean yield 
and effect of 1000 wilted plants on mean yield as a function of time 
during periods of 78 and 48 days, respectively, 
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Fig. 4. Effect of an additional unit of available soil moisture on bn, (the 
linear régression coefficient of N), and effect of 1000 wilted 
plants on b^, as a function of time during periods of 78 and 48 days, 
respectively. 
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Pig, 5. Effect of an additional unit of available soil moisture on bp, (the 
linear regression coefficient of P) and effect of 1000 wilteâ plants 
on bp, as a function of time during periods of 78 and 48 days, 
respectively. 
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Pig. 6. Effect of an additional unit of available soil moisture on bng, (the 
regression coefficient of the interaction of N%P), and effect of 
1000 wilted plants on bng, as a function of time during periods of 78 
and 48 days, respectively. 
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Central Iowa for midaeason hybrids. In Puebla^  84 days 
elapsed from the average plant emergence. May 6, to 50^  
tasseling, July 29. There were $4 days from average 
emergence to 75^  silking, August 8, so the difference 
between tassellng and silking was 10 days, or three to four 
days longer than that reported for Iowa. Altitude above sea 
level, temperature, day length, varieties employed and soil 
moisture deficiencies in some locations probably are the 
reasons for the observed difference. 
Hanway in 1966 (33) reported a detailed study about 
the different stages of corn development and about growth, 
uptake and distribution of N, ?, K in plant parts (32). 
Recognizing that there probably is no single conversion 
factor to describe stages of development for corn under 
Puebla conditions in terms of Hanway's report, the relative 
number of days from emergence to silking and days from 
tassellng to silking were considered for both Iowa and Puebla. 
These gave the factor of 1,44, i.e,, in Iowa there are seven 
days from tassellng to silking and (7) x (1.44) is equal to 
10 days, which is the observed number of days from tassellng 
to silking under Puebla conditions. In Iowa, there are 66 
days from emergence to silking, stage 5 as defined by Hanway, 
and (66) x (1.44) is equal to 95^  which is the number of 
days from emergence to silking under Puebla conditions. 
In this way the stages of development, as reported by Hanway, 
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were approximated for Puebla.. 
Looking at Pig. 3 where and &Y/ôW^  are represented 
over ticxe, it is observed that showed two relative 
Eiinima and two relative maxima. Outstanding is the result 
reported by Hanway in the sense that during one 2-week period 
Just before tasseling, 5*^  of total seasonal leaf growth 
took place. This period under Puebla conditions would 
correspond from midway between periods two and three to midway 
between periods five and six, that in the Pig. 3 is represented 
by a strong and positive trend of increasing yield per unit 
change of ASM. Just after silking, where the first mayimnm 
was reached, the effect of ASM on yield started to decrease 
for a week or so, period 9, until the second minimum was 
observed. 
Yield of grain is governed in part by the leaf area 
produced early in the season for trapping solar radiation, 
but also by the length of time this leaf area is maintained 
in a functional way so production and translocation of 
photosynthate to grain is maintained for the longest period 
of time (5). The second increasing positive effect of ASM 
on yield started just before what Hanway designed as the 
blister stage, 12 days after silking for Iowa or l6 days 
after silking for Puebla. This is the beginning of a rapid 
Increase in grain weight and adequate soil moisture condi­
tions are needed for grain production. Prom nine to ten 
days after the beginning of the blister stage, negative 
effects of ASM on yield would seem to taîce place, but this 
could also be a feature of the orthogonal polynomial rather 
than a consequence of the phenomenon under investigation (67). 
Change of yield with respect to wilted plants, 
is also presented in Pig. 3. It was e^ spected that soil 
moisture stress conditions would have opposite effects on 
yield as ASK and in fact that is essentially observed in 
Fig. 3. A maxinram and a minimum are observed, the former 
took place before the beginning of maximum leaf area produc­
tion, then the effects of ¥? decreased rapidly and reached 
negative values six days after that maximum. Biereafter 
the curve flattens for about 18 days, having negative effects 
and finally during the silking period ¥P had the strongest 
negative effects on yield, as one would expect. Trying to 
explain a possible positive effect of WP on yield in the 
early stage of corn development, as apparently indicated by 
the maximum, it might be speculated that wilting at this 
early date would stimulate a better root system. If shortage 
of ASM. is observed in the early stages of corn development, 
to provoke wilting conditions, it is expected that root 
development be stimulated faster than in the case of plants 
under fairly adequate soil moisture conditions during the 
same early stages. 
If abundant amounts of soil moisture are available during 
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tiie early stages of corn growth In Xovra > but this availability 
of water becoiaes short during the most critical stages, later 
in the season, final yield will be worse than the contrary 
case, i.e., if at the beginning of the season there ar'e 
water shortages and during the critical periods also soil 
moisture is limited^  everything else remaining the same. 
This couid be a possible explanation for the observed posi­
tive effects of wilting in the early stage, as suggested by 
the maximum of in Fig. 3-
The effects of ASM and ¥P on the linear N regression 
coefficient, b^ , are reported in Pig. 4. Change of b^  with 
respect to ASM, ôb^ /SM^ , is quite similar to the curve 
ôY/ôiyL in Fig. 3 with two relative maxima and two relative 
minima occurring at similar dates, except for a small lag in 
the case of the first maximum of ob-j^ /oM^  in relation to the 
first maximum of According to Hanway (32) around 
ti-fo thirds of the total season's uptake of N is completed at 
silking, and being most rapid during the two weeks before 
tasseling, as in the case of leaf weight production. This 
suggests that the similarity of effects found on yield and 
linear N response, ôY/ôM^  and ôb^ /ôM^ , is a cause-effect 
consequence, i.e., leaf area production is controlled by 
avaiiability of nutrients, climatic factors and management 
%)r. Regis Voss, Dept. of Agronong-, Iowa State University, 
Ames, Iowa. Corn growth in Iowa. Personnal communication. 
1969. 
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practices., so those conditions that favor a faster nutrient 
uptake, Kill contribute to faster leaf area production. 
N in the present study is reported to be the most limiting 
and consequently the most responsive fertilizer element, so 
it is expected that and 3b^ /3]X^  should bear a close 
relationship. 
Turrent (67) recalculated Shah's results (62) and 
found similar effects of ASM on b^ , which were characterized 
by two minima and two maxima that occurred at comparatively 
similar stages of corn development as observed in this study. 
Looking at the change of b^  vrith respect to ob^ /%^ , 
in Pig. 4, it was found that it was similar to oY/c¥^ ., with 
the difference that the maximum for ôb^ /o¥^  was observed 12 
days later than in the case of ôY/ôW^ . 
The pattern showed by the change of bg as a function of 
ASM and ¥P, abg/sD^  and ôbg/ôW^  respectively, was different 
than that observed for yield and b^ , as indicated in Fig. 5. 
The first minimum for ob2/ôM^  occurred close to the first 
maximum for ôo^ /oM., the maximum for obg/oMj^  took place 
close to the second minimum for ôb^ /ôM^  and the second 
minliaum for Bbg/gM. occurred at the same time as the second 
maximum for Bb^ /SM^ . This question cannot be resolved with 
the information available in this disseration: one would 
expect that ASM would affect both N and ? uptake in a 
similar fashion. 
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The effects of wilting on the linear P regression 
coefficient, apparently were not significant, 
except for the negative effect observed in period 8, but 
again, this can be an orthogonal polynomial feature or a 
joint effect of wilting at silking time plus the mathematical 
treatment of the data. Also it is observed that the maxim.u2i 
for obg/ôW^  took place at the same time as the maximum for 
In Fig. 6 are reported the effects of ASM and ¥P on 
the interaction N x ?, ob^ g/cM^  and Sb^ g/ôW^ , respectively. 
In theory, and according to the criteria as used in this 
work, ASM and WP must have opposite effects on the dependent 
variables under examination. The first minimum for 
took place close to the first maximum for ob^ g/oW^ , as 
expected, and the first Tna-x-rrmim for ob^ g/^ ^^  occurred around 
silking, which is also reasonable. 
A second maximum for is observed one week after 
the beginning of the blister stage. 
2. Effects of soil and subsoil properties on the response to 
applied fertilizers 
The portions of the total inter-site variability 
accounted for by sets of site independent variables are 
reported in Tables 8 and 9- It has been noted that, on the 
average for the five fertilizer terms of the quadratic model, 
32.3 and 37.0^  of the variability in the "moisture" and 
"wilting" models, respectively, were accounted for by the 
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eigiit ?oil and subsoil variables, i.e., by a, n, p, k, a^, 
Kg, Pg aad kg. 
Xow, in order to determine the effect of individual 
soil and subsoil properties on the response of applied 
fertilizer, i.e., on b^ , bg, b^ ,^ b^ g and b^ g, it is necessary 
to exa:ilne Table 11, where the statistics for the "wilting" 
model are reported. It was decided to use the results 
obtained in the full "wilting" model because the set of 
soil and subsoil properties had a slightly higher average 
R2-value for the five fertilizer terms, than in the case 
of the full "moisture" model, as can be seen by looking at 
Tables 8 and 9-
It was observed that applied N and soil N (n), suggested 
a substitution relationship, as indicated by the negative 
sifT of the coefficient nb^  and the positive sign of the 
coefficient nb^ -, . Soil pH (a) had the same relationship 
with 'yplied ÎJ as n, i.e., the ab^  and ab^  ^coefficients were 
negative and positive, respectively, indicating that the 
effect of pH on the response of applied N was to decrease 
yields at a decreasing rate. It would seem that low pH 
va:.ae£i result in a lower nitrification rate, so that a 
greater response to N would be expected at a low pH than at 
higher pH. 
Linear N and subsoil exchangeable K (k^ ), were linked 
positively, suggesting that linear K response was Increased 
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as the level of was iacreased. The coefficient had. 
negative sign meaning that the shape of the response curve 
to applied K was negatively increased, i.e., the negative 
2 
regression coefficient of N was made more negative by the 
effect of soil exchangeable K. Hence the radius of curvature 
of the response curve at maximum, yield was shortened. 
The regression coefficient of the interaction term 
N X P, was negatively related to subsoil N (n^), indicating 
that the higher the level of n^, the lower the effect of the 
interaction term. On the contrary, the coefficient Pgb^g 
was positive, suggesting that the response to Jointly 
applied N and P was increased as the level of subsoil P 
was higher. 
The relationship between soil ? (p) and applied ? was 
opposite to that observed between soil N (n) and applied iSf, 
i.e., signs of the coefficients pbg and pbgg were positive 
and negative respectively. One would expect the opposite 
effect, as in the case of subsoil P (Pg) which had negative 
and positive signs with pb^ and pb^g, respectively, indicating 
a common substitution relationship betufeen available 
nutrients in the soil and nutrients applied in the fertilizers. 
No explanation of this enhancement of P effect by p can be 
deduced from these experiments. 
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3» Effeots of management oraotloes on the response to 
ct.iak/.i.xc v^ X cu.-u.L 
Table 11 also is used for the examination of the effects 
of management factors on applied fertilizers. 
The coefficients for Vb^  and are positive and 
negative respectively, which indicates that as the yielding 
ability of the variety became higher, a more efficient use of 
applied N was achieved. Of course this is not surprising, 
but from the practical point of view and for the particular 
case of Puebla, it is an indication that, with the joint 
effort of the corn breeding section of the Puebla Project, 
more satisfactory results can be expected in the future, 
as far as the achievement of higher yield is concerned. 
Planting date was associated negatively with both b^  
and b^  ^meaning that the later the planting was made, the 
smaller the response to applied K. 
Hall damage (H) and disease effect (U) had similar 
effects on the response to N. The coefficients Bb- and Ub^  
were positive and coefficients Eb^ ^^  and Hb^  ^i^ fsre negative. 
These associations suggest that corn plants damaged by hall 
and plants attacked by common smut responded more to applied 
N than plants free of those effects. This does not necessar­
ily mean that hall and disease increased yield, but the 
positive slope of linear N and the degree of curvature of 
2 the negative N were Increased by the presence of those two -
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factors, in oomparison with plants not affeoted.. Conversely 
one can say that hail and itstilago hurt the iinfertilized 
plants more. 
C.. Computation of the Generalized Yield Equation and 
Derivation of "Restricted" Optimum Rates of N and ? 
The statistics for the fizll moisture end tri 1 ting models 
are given in Tables 10 and 11 respectively, The statistics 
for both models after the terms with low levels of prob­
ability, < 50, were dropped out, are presented in Tables 12 
and 13. 
In order to calculate the "restricted" optimum rates 
of N and P, the first step was to use the overall means of 
the different fertilizer terms obtained from the general 
prediction equation. The information for the economic 
interpretation of the data was also available and it was 
as follows: a) total cost per kilogram of N" was $5-93 
(Mexican pesos) and the price per kilogram of was $4.74. 
The price per'kilogram of grain was $0.815. Further, it was 
assumed that the last peso invested in fertilizer must return 
1.5 times the cost before the farmer will risk the expendi­
ture. In this way, the inverse price ratios were (1.5) 
(5.93/0.815) = 10.92 and (1.5) (4.74/0.815) = 8.72 for 
"restricted" Pjf/Py Pp/Py, respectively. 
The general prediction equation evaluated at the overall 
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experimental mean values for the site independent variables 
and given in terms of the orthogonal codification, is as 
follows: 
Y = C 1.0526 K + 0.2100 P - 0.4780 - 0.0486 
+ 0.0896 NP 
In order to decodify and to transform into common 
units, i.e., in Kg/ha of grain per kilogram of fertilizer 
element, the following operations were performed: 
N = (^ =§0^ ) (311.07); P = (311.07) 
= (^ 60^ )^2(311.07); P^  = (^ |p)^ (31l.07) 
NP = (%^ )(^ 5§^ ) (311.07) 
After arithmetical operations were made, the general 
yield prediction equation was as follows: 
Y = 1490 4- 18.93 N -r 2.89? - 0.0413n2 
- 0.0242P^  -r O.OI86N? 
Then, by taking partial derivatives of yield Y, with respect 
to N and ? and equating to the corresponding "restricted" 
inverse price ratios, we have: 
= 18.93 - 0.0826 N -i- O.OI86P = 10.96 
II = 2.89 - 0.0484? -{- O.OI86N = 8.72. 
and the solution for K is 77 Hg/ha under the specified 
conditions. The solution for P will be discussed in the 
next section. 
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The K reoommenaation obtained would be for the whole 
region, obtained by pooling all management, soil properties 
and weather conditions. But it would not take into account 
certain agronomic considerations. For instance, for corn 
after a good legume, the N recommendation probably is close 
to zero. It has to be recalled that sites 01 and 13, where 
no significant treatment effects were observed, were in 
alfalfa before corn experiments were established. Besides 
that, at site 01 some manure also was applied and at site 
13 weather was extremely dry. 
At site 03, there was land removal, soil heterogeneity 
was high, the resultant experimental error was high and 
no fertilizer responses were detected. 
The weather was abnormally dry at sites 15, 17, 26 and 
27 and probably it was the cause of the lack of fertilizer 
response. In fact, sites 17, 26 and 27 were geographically 
located on the border of what is considered in this work as 
Puebla region and at the beginning of a zone where climatic 
conditions are different, i.e., it is drier than Puebla 
region. 
Keeping these considerations in mind, it was decided 
to eliminate the information obtained at sites 01, 03, 13, 
15J 17J 26 and 27 for the reasons expressed earlier. It 
Is expected that the outcome from the remaining 20 sites would 
better fit the characteristic climatic conditions of the 
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region and that the outcorae agrees with soil management 
practices, i.e., no N response is expected after a good 
legurae or maniire application. 
The data from the selected 20 sites were pooled and 
operated in the same manner as indicated for the total 27 
sites. This pooling produced the following prediction 
equation: 
Y = 923 + 26.85N -r 1.32P - O.O58N2 - 0.012p2+ 0.022NP 
After taking partial derivative of N with respect to Y, 
equating it to the same specified inverse price ratio and 
solving, the "restricted" optimum rate of N was 137 Kg/ha 
when no P was applied. 
As far as P is concerned, it is not profitable to 
apply P at the "restricted" price ratio, because average 
responses were not large enough. For example, the first 
kilogram of P added would yield only 1.32 Kg of grain. The 
two prices are $4.74 and 30.815, respectively. 
The N response was parabolic and large as can be seen 
in Table 3, i.e., the positive linear N regression coeffi­
cients were associated in all cases with significant and 
o 
negative . But at 12 out of the total 27 sites and at 11 
out of the selected 20 locations, the linear P regression 
coefficients were negative and were associated with positive 
p 
P , in which case the average response to P has little 
meaning as response to P. 
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Earlier J, it was suggested that the lack of P response 
was probably due to the low level of soil nitrogen (n)> 
and that the ? effect was primarily due to its interaction 
with N. 
Under these circumstances, three levels of ? were 
arbitrarily selected and entered into the latter prediction 
equation to observe the magnitude of the estimated yield. 
In doing so for 137 %g/ha of îT and 30, 4o and 50 Kg/ha of 
pgO^ , the estimated yields were 3633, 3668 and 3700 Kg/ha 
of grain, respectively. 
The predicted yield with only N application at 137 
Kg/ha level, was also computed and it was 120 Kg/ha of grain 
lower than the predicted yield with 137 Kg/ha of N plus 
30 2g/ha of PgOr. Again, if prices of fertilizers and grain 
are considered, these additional 120 Kg/ha of grain would 
be worth less than the cost of the P fertilizer. However, 
one has to recall that in only nine out of the selected 20 
sites the K" x P interactions were positive and significant 
and even though the pooling of the data produced a positive 
N X ? interaction, it was probably reduced, on the average, 
in such a way that the increase in yield caused by this 
term was relatively small. 
Future research in this region will have to take into 
account the observed P response.. Investigation of sources, 
timing and methods of application of ? and alternative 
1Q5 
taathematioal models to Tit the yielci data, other than the 
quadratic, are sorae of the suggested tools to get insight 
in the solution of the P problem. 
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V. SUMMARY AND CONCLUSIONS 
A study of the response of corn to applied N> P> K 
and 2n was carried out in Puebla region which is a character­
istic and at the same time a potential corn producing zone 
in Mexico. The objective was to observe the effect of 
climatic conditions, soil properties and management practices 
on the response of maize to fertilizer element rates. 
Twenty-seven multi-rate fertilizer experiments variable 
in N and P were located in the region where the altitude above 
sea level varied from 2200 to 2400 M and precipitation 
varied from Kaj to October from 630 to 831 cza. 
No prior information was available about soils so the 
criteria in selecting locations were the following: at 
least two years in corn, no legumes nor manures for tn-ro 
years and uniformity in slope and soil color. 
Surface soil and subsoil samples were collected and 
laboratory determinations were made for nltriflable N, 
available exchangeable K, pH, and moisture contents at 
tensions of one-third and 15 bars. 
Population density was adjusted to approximately 
50,000 plants/ha at all sites. One-tenth of the N and all 
of PgOy KgO and Zn were applied at planting time. The 
remaining N was applied when plants were 0.40 to O.50 M 
tall. Three regional, non-Improved maize varieties were 
employed. 
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Hail àaraase vras observed, at four sites around tasseling 
time and observations were taken on the percent of leaf 
area destroyed, number of affected leaves and the approximate 
stage-of growth. 
Weather characterizarion of the season at each site was 
made following two criteria: (a) available soil moisture 
(ASM) distribution over time and (b) wilted plants (Wp) 
distribution over time. It was not possible to gather data 
of evaporation. However two gravimetric soil moisture 
determinations were made during the season. The first one 
during the vegetative stage soon after emergence and the 
second one during the tasseling to silking period. Then, 
by simple budgeting technique, i.e., by adding daily 
precipitation and subtracting an estimated daily water loss 
index to the first soil moisture determination, computation 
was made of the amount (ASK) in the 1.20 M soil profile 
between the two samplings and after the second. The period 
of observation was of 78 days, divided in 13 6-day periods. 
Data of ASM were fitted by orthogonal polynomials to get 
distributional coefficients up to fifth degree and to permit 
the use of the regression integral concept by Fisher. 
A continuous field observation at 6-day intervals was 
made on ¥? through the same period of 78 days. Three 
wilting categories were identified and described and the 
data were quantitatively transformed by assigning an 
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arbitrary number to each, category. Distributional ooeffi-
cients up to fifth degree also were computed to apply the 
same technique of Fisher. 
A second order experimental design variable in N and P 
was used. Seventeen treatment combinations out of a 7 x 7 
N X P factorial were chosen and the selected points were 
allocated into a modified triple square. An eighteenth 
treatment was formed by adding 60 Xg/ba of to the l8o 
and 75 Xg/ha rates of K and P respectively, at l4 locations. 
At the rest of sites, it consisted of l80 and 75 Kg/ha of 
21 and PgO^  plus 75 Kg/ha of ZnS0^ .7H20. Three replications 
were employed. 
Analyses of variance and covariance were made for each 
site. Also, multiple regression analyses were made for each 
location, by regressing yield on linear and quadratic 
N on linear and quadratic P (P,P^ ) and on the 
interaction NP and on dummy variables for replicates. 
Analyses of variance indicated that there were signi­
ficant treatment effects at 22 of the 27 sites. Significant 
replication effects were evident at 11 locations. 
Foliar zinc deficiency symptoms were detected at three 
places and even though ZnS02j^ ,7HpO addition corrected the 
symptoms, the Increase in yield was not significant. No 
responses to K were detected. 
Average yield and computed partial regression coefficients 
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for fertilizer terms for eaoh experiment were regressed on 
site independent variables identified as weather variables, 
soil and subsoil properties and management practices. 
The linear N regression coefficients were significant 
and positive at 21 sites and they were associated with 
significant and negative coefficients of indicating that 
increase in yield caused by N application was at a decreasing 
rate. The linear effects of P were not significant at any 
site. The NP interaction was significant and positive in 
one-third of the experiments. 
The average of the coefficients of determination (R^ ), 
of the fifth degree polynomial for the representation of ASM 
over the 13 6-day periods was 0.87. The corresponding value 
for the representation of l-ZP over the same 13 6-day periods 
was 0.51 J but when only the first 8 6-day periods were 
considered for the latter criterion, this average value of 
increased up to 0.73. Because of this, further analyses 
were performed with the computed distributional coefficients 
for the first 48 days of wilting observation. Instead of 
those calculated for the ifjhole period of 78 days. Another 
reason for this decision was the lack of wilting signs after 
the eighth period, except for 2 sites. 
Two series of multiple regression analyses were made, 
one for each weather criterion, the rest of the independent 
variables remaining the same. The results indicated that 
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the full "moisture" model, where weather was expressed, in 
terms of ASM, accounted for a slightly higher total varl-
ability (R ), than the full "wilting" model, where weather 
was visualized in terms of MP. 
F-test comparisons were made of inter-site variation 
versus Intra-slte variation of the computed average yield 
and the computed regression coefficients of the fertilizer 
terms. In all cases, except quadratic P, the tests were 
highly significant indicating that the site variables inter­
acted with them in a significant way. 
The effects of additional unit of ASM over time and the 
effects of additional 1000 units of ¥P over time on yield, 
on linear regression coefficient of N, on linear regression 
coefficient of P and on the regression coefficient for the 
N X ? interaction, were studied and the graphical repre­
sentations are given. 
Ni triflable soil ^ (n), had a substitution relationship 
with applied K. Soil pH (a), was also linked negatively 
with linear N and positively with quadratic N. Available 
subsoil ? (pg), suggested the same relationship with applied 
P, as was indicated in the case of n and N. 
As corn was planted later in the season linear N effect 
was decreased. Yield potential (V), was associated 
positively and negatively with linear N and quadratic N, 
respectively, meaning that a more efficient use of applied 
N was achieved as yield ability was higher. 
Ill 
A f—ial yield prediction equation was computed and 
"restricted" economic rates of N and P were derived assuming 
arbitrarily that the last Mexican peso invested in fertilizer 
must return 1.5 times the cost before farmer would risk 
the expenditure. 
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Table 10. Statistics for regressioas of average yield,, b,> 
b^ . b-^ . b^  ^and b-^  on site independent Xi- d.cL 
variables in the full moisture model 
Equation. Dependent Site Regression t-values Significance 
no. variable variable coefficients level % 
b 1 
C 
a 
n 
P 
k 
» 
% 
% 
8^ 
% 
u 
R^ = 0.817 
I I 
2-S 
"S s: 
V 
T 
H 
U 
-25,6068 -0.746 
5.2030 1.193 30 
0.0669 0.840 50 
0.0022 0.030 
-0.0030 -0.178 
0.0279 1.824 15 
-0.3460 -1.906 10 
-1.7405 -1.487 20 
-1.0044 
-0.935 40 
-0.1560 -0.729 50 
-7.9002 -1.340 30 
-5.0790 - 0.836 50 
0.2753 0.881 50 
-0.0398 -0.551 
0.0045 0.351 
5.3431 1.508 20 
0.1547 0.657 
-2.9019 -2.153 10 
2.5447 0.382 
7.2009 0.547 
2.6523 1.585 20 
-0.0411 
-1.345 30 
-0.0406 -1.447 20 
-0.0010 
-0.159 
0.0009 0.160 
0.0012 0.018 
-0.9294 -2.069 10 
0.1367 0.332 
-0.2025 - 2.466 5 
-2.0154 -0.931 . 40 
-3.7466 -1.703 15 
-0.0282 
- 0.235 
0.0246 0.888 50 
0.0441 0.835 50 
1.2233 0.900 50 
0.0358 0.397 
-1.0588 -2.047 10 
-4.1883 -1.638 15 
R = 0.964 
Table 10 (Continuecl) 
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Equation Dependent Site Regression t-values Significance 
no. variable variable coefficients level % 
P. = 
°11 
c -18.0385 -1.592 20 
& -0.1499 -0.104 
n 0.0173 0.657 
o 0.0468 1.947 10 
k -0.0060 -1.085 40 
0.0019 0.368 
-0.0254 -0.424 
Ko 0.2058 0.533 % -0.0808 -0.228 
6.5222 0.923 40 % 1.3990 0.751 50 
2-3 1.3616 0.720 50 
0.0344 0.333 
Pg -0.0352 -1.475 20 
8^ 0.0023 0.548 
V 1.7239 1.474 20 
T 0.0011 0.014 
E 0.0307 0.069 
u 1.6527 0.751 50 
.668 
C -0.9658 -0.618 
a -0.3043 -1.532 20 
n 0.0078 2.146 10 
P 0.0059 1.783 15 
k -0.0004 -0.499 
-0.0001 -0.057 
Ml -0.0062 -0.751 50 
Mp 0.0896 1.680 1:3 
Mo -0.0457 -0.935 40 
Ma 2.3157 2.376 5 
M- 0.0924 0.360 
ag 0.4224 1.618 20 
1:1s 0.0072 0.509 
Ps -0.0053 -1.603 20 
kg -0.0003 -0.519 
-0.1360 -0.843 50 
T -0.0017 -0.157 
E 0.1036 1.688 15 
TJ 0.4732 1-559 20 
H = 0.970 
Table 10 (Qontlnuecâ,) 
les 
Equation Dependent Site Regression t-values Significance 
no. variable vairiable coefficients level f» 
4 bgg C 
a 
n 
P 
k 
% 
M2 
M? 
M;, 
M5 
as 
1:1s 
Ps 
H = 0.696 
1^2 9 
p 
k 
m 
I 
-^ s 
Ps 
rn 
U 
t?= 0.786 
2.494.7 1.330 30 
0.1030 0.432 
-0.0025 -0.577 
-0.0081 -2.026 10 
0.0009 0,995 40 
-0.0004 -0.523 
0.0051 0.511 
40 
-0.0059 -0.920 
0.0141 0.240 
-1.4254 -1.219 30 
-0.2692 -0.873 50 
-O.2686 
-0.857 50 
-0.0025 -0.143 50 
0.0062 1.562 20 
-0.0005 
-0.775 50 
-0.2378 -1.228 30 
0.0044 0.343 
-0.0263 -0.357 
-0.2461 -0.676 
-1.0726 -0.849 50 
-0.1273 -0.812 50 
-0.0051 -1.794 iD 
0.0013 0.498 
0.0006 1.036 40 
0.0010 1.833 15 
-0.0069 -1,056 40 
0.0935 2.222 10 
0.0047 0.122 
1.5307 1.990 10 
0.2079 1.025 40 
0.1919 0.932 40 
-0.0137 -1.221 30 
0.0006 0.226 
0.0006 1.269 30 
0.1595 1.253 30 
-0.0191 -2.264 10 
0.0413 0.852 50 
-0.2387 -0.997 40 
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Table il. Statistics for regressions of average yield* 
~2' ~ll' "22 ~12 site independent 
variables in the full wilting model 
Equation Dependent Sire Regression t-values Significance 
no. variable variable coefficients level % 
lA 
2A b^  
c 9.0707 0.188 
a 3.3277 0.747 50 
n 0.0661 0.653 
P 0.1087 0.849 50 
Iv -0.0068 -0.303 
-2.5G58 -0.492 
rig 0.0622 0.152 
Ps -0.0923 -0.794 50 
0.0030 0.176 
V 0.2329 0.041 
T -0.1948 -0.596 
H -0.1214 -0.062 
U 1.0593 0.136 
Wo -0.0329 -1.538 20 
Wi -0.1304 -0.712 50 
'yip 
-0.1205 -0.717 50 
¥3 0.0932 0.374 
wif -0.0930 -0.521 
¥5 0.3027 0.424 
•= 0.647 
C 1.1197 0.070 
a 
-2.5987 -1.757 15 
n -0.0734 -2.185 10 
D -0.0161 -0.379 
k 0.0074 1.000 40 
-0.2770 -0.160 
'^ s 0.0020 0.015 
Ps 0.0073 0.190 
s^ 0.0077 1.367 20 
V 4.2006 2.243 10 
T -0.0088 -0.081 
H -0.7070 -1.085 40 
TJ -6.4688 -2.503 5 
0.0057 0.809 50 
If? 0.0908 i.495 20 
¥2 0.0728 1.305 30 
¥0 0.1620 1.956 10 
¥4 0.1639 2.766 5 
¥5 0.5755 2.429 5 
R^= 0.948 
1S5 
Table 11 (Continued) 
Equation Dependent Site Regression t-values Significance 
no. variable variable coefficients level % 
3A bg C 
a 
n 
P 
k 
as 
s^ 
# 
T 
H 
U 
W? 
¥0 
¥q 
¥5 
R^ = 0.694 
4A b^ ]^  C 
a 
n 
D 
k 
S-S 
ns 
# 
T 
I Wo 
¥j 
a *5 
R = 0.940 
-8.5161 -0.744 50 
1.1691 1.151 30 
0.0170 0.739 50 
0.0564 1.934 10 
-0.0066 -1.281 30 
-0.1161 -0.098 
-0.0262 -0.281 
-0.0360 -1.357 30 
-0.0011 -0.272 
0.6304 0.490 
-0.0231 -0.309 
0.0812 0.181 
1.5921 0.897 40 
-0.0046 -0.952 40 
-0.0605 -1.450 20 
-0.0476 -1.242 30 
-0.0598 -1.051 40 
-0.0331 -0.812 50 
-0.1014 -0.623 
0.4204 0.189 
0.2974 1.447 20 
0.0128 2.749 5 
0.0068 1.150 30 
-0.0018 
-1.755 15 
0.0155 0.064 
0.0057 0.302 
-0,0068 -1.267 30 
-0.0005 -0.573 
-0.5787 -2.224 10 
-0.0045 - 0.295 
0.0602 0.665 
0.7278 2.027 10 
-0.00i2 -1.224 30 
-0.0117 -1.381 20 
-0.0121 -1.558 20 
-0.0170 -1.478 20 
-0.0176 -2.134 10 
-0.0598 -1.817 15 
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Table 11 (Continued) 
Equation Dependent Site Regression t-values Significance 
no. variable variable coefficients level % 
5A bp2 0 
a 
n 
P 
k 
ag 
Ps 
? 
H 
u 
I 
6A 0^ 2 
¥3 
R^ = 0.682 
0.9215 0.475 
-0.1714 -0.957 40 
-0.0036 -0.876 50 
-0.0088 
-1.713 15 
0.0011 1.267 30 
0.0263 0.125 
0.0054 0.325 
0.0059 1.267 30 
0.0001 0.107 
-0.0489 -0.216 
0.0051 0.386 
-0.0265 -0.336 
-0.2736 -0.875 50 
0.0006 0.746 50 
0.0092 1.246 30 
0.0073 1.087 40 
0.0096 0.955 40 
0.0057 0.789 50 
0.0176 0.614 
0 
-1.3494 -0.791 50 
a • 0.1594 1.012 40 
n -0.0024 -0.666 
P -0.0027 -0.588 
k 0.0003 0.341 
rig 
0.0172 0.093 
-0.0186 -1.283 30 
Ps 0.0051 1.253 30 
s^ -0.0003 -0.418 
V 0.1203 0.603 
T -0.0030 -0.258 
H 0.0538 0.774 50 
u 0.0801 0.291 
¥0 0.0003 0.398 
-0.0029 -0.447 
0.0019 0.314 
¥3 -0.0034 -0.385 
-0.0015 -0.242 
«5 -0.0234 -0.929 40 
R-= 0.600 
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Table 12. Statistics tor the generalized; yield, equation in 
the moisture model 
Dependent Independent Regression Significance 
Variable Variable Coefficient Level SK 
Y C -22.9141 SO 
a 2.2969 30 
n 0.0300 30 
lyu 0.0274 1 
KT -0.2927 1 
DC -1.0145 20 
MX -1.3296 10 
M J -1.3714 >30 
Mc -8.4052 5 
a? -- -1.1885 >30 
n: 0.0272 >30 
V 4.6322 2 
U -2.0647 5 
K 9.0138 30 
2.4142 5 
-0.0467 i 
KZ -0.0376 10 
N$L 0.0040 30 
NIC -C.O27I >30 
NDC -0.7782 5 
mc 0.1097 >30 
-17.5256 1 
NIC -1.8640 30 
Nag -3.8327 2 
No„ 40.0168 20 
Nkg 4-0.0055 • 10 
hW -rl.1975 30 
NH -1.1617 2 
NU -4.8385 1 
N? -0.2370 >30 
NP_ -0.0264 >30 
NP„ -0.0037 20 
N?^  - 40.0006 20 
NPM^  ' ' 0.0010 10 
NPIC -0.0092 15 
îîPJîi 0.0750 10 
NPMT 0.0097 >30 
NPXf 1.0416 20 
iSFPKZ 0.1515 >30 
NPaJ 0.0128 >30 
NPnl -0.0066 >30 
NPkg 0.006 20 
Table 12 (Coatlimed) 
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Dependent Independent Regression Significance 
Variable Variable Coefficient Level ^  
NPV 0.0008 >30 
NPT -0.0169 10 
NPH 0.0007 >30 
NPU -0.2190 >30 
p -14.9098 10 
P„ 0.0349 2 
Pg -0.0021 30 
PMp, 0.0024 >30 
PIC -0.0477 20 
PIC 0.2607 20 
p]yif -0.1228 >30 
pmJ 6.8792 5 
PMc 1.0771 >30 
Pag 0.8487 30 
Po_ -0.0204 5 
PV 1.7346 5 
PÏÏ 1.1715 30 
Ng -1.4525 30 
Ng -0.3672 2 
0.0067 1 
0.0048 5 
Mp, 0.0004 >30 
NgiC -0.0113 5 
" -MS +0.0930 5 
-0.0698 5 
2.4094 1 
Kga' 0.4697 2 
-0.0039 1 
-0.0059 >30 
N4i 0.1134 5 
N2U -rO.4648 2 
1.4715 30 
P^ P -0.0052 5 
P& 0.0001 >30 
pgM. -0.0003 >30 
pW 0.0094 20 
P% -0.0334 30 
p^ fq 0.0174 >30 
-0.8300 15 
"D 
-0.1304 >30 
P%g -0.0175 >30 
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Table 12 (Continued) 
Dependent Independent Regression Significance 
Variable Variable Coefficient Level ^  
P^ Pg 0.0035 10 
p2v 
-0.2553 10 
Table 13. Statistics for the generalized yield equation in 
the wilting model 
Dependent Independent Regression Significance 
Variable Variable Coefficient Level % 
y C 12.4087 30 
a -0.2394 >30 
P 0.0830 10 
Pg -0.0591 20 
-0.0250 5 
-0.1253 5 
-0.0422 >30 
IT 
-3.9520 >30 
Na -2.6365 5 
Nn -0.0831 0.1 
Nk 0.0078 10 
Nks • 0.0071 1 
NV 4.8507 0.1 
m 
-0.7536 10 
- Nu 
-6.3343 1 
0.0051 20 
0.0755 1 
miz 0.0641 5 
0.1370 1 
0.1698 1 
NWc 0.5575 1 , 
p ^  
-7.5134 20 
Pa 1.2656 10 
Pn 0.0303 2 
Pp 0.0370 5 
Pk -0.0085 1 
PPs -0.0279 5 
Pu 2.3541 10 
PWQ -0.0032 30 
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Table l4. Amount of available soil moisture (mm) in the soil profile through the 13 
6-day periods and estimated daily water lost Indeceo (0/JL) 
Site Periods Tf/Jh 
11 19- 13 (mm) No, 1 2 3 4 5 6 yQ. 8 9 10 
01 273 294 280 273 277 274 281 255 238 279 
02 205 219 21Ù 199 175 150 125 128 1^15 
03 296 266 220 215 178 136 108 110 120 121 
04 234 220 222 213 206 194 172 204. 257 256 
05 176 156 159 155 i;i8 135 116 198 211 239 
06 205 186 191 189 184 173 153 236 249 277 
07 259 253 264 259 257 240 219 324 314 352 
08 327 304 273 242 210 186 171 167 253 232 
09 216 191 194 169 144 119 93 91 121 104 
10 161 172 148 123 102 78 67 59 95 113 
11 149 138 139 120 132 130 115 117 154 139 
12 114 118 110 119 120 125 139 150 133 117 
13 120 108 90 80 64 45 57 67 60 36 
14 187 161 143 122 95 80 139 133 162 148 
15 55 46 46 29 43 37 27 30 27 
16 110 89 86 102 93 76 69 88 85 72 
17 98 %§ 74 80 67 45 23 17 10 18 216 188 190 164 170 151 126 101 93 95 
19 311 328 311 288 264 249 239 219 289 286 
20 231 236 240 239 252 246 241 282 278 269 
21 264 268 258 243 228 219 263 253 260 259 
22 166 136 ll4 84 83 69 43 49 26 46 
23 165 135 113 83 82 68 42 48 25 4o 
24 292 290 266 239 207 194 202 213 217 204 
2# 
270 251 251 230 220 265 24l 242 242 252 
do
27 256 230 204 178 169 182 202 186 166 157 
260 252 236 2,60^  
144 134 124 5,22 
121 127 144 7,70 
286 276 265 4,42 
226 217 228 4,20 
264 255 266 3,9? 
340 325 34l 3,45 
276 284 302 5,94 
109 110 133 4.15 
181 218 260 4,27 
124 149 1J32 3,74 
142 165 163 3.15 
37 29 14 4,60 
145. 159 166 4,32 
26 37 48 4,32 
71 70 60 4,21 
5 0 7 3,72 
98 96 91 4,28 
295 294 303 5,16 
256 260 304 2,40 
274 295 288 3,89 
22 7 24 5,01 
20 5 22 5,02 
192 168 164 5,42 
288 345 337 3.57 
150 164 213 4,32 
Average DWL 4,34 
^The end of period 7 corresponds to silking date, 
Presenoo of water table, 
Table 15. Number of wilted plants through the 13 6-day période at the 27 sites 
Site 
No, 1 2 3 4 5 6 
Periods 
yd Q 9 10 11 12 13 
01 0 0 0 0 0 0 0 0 0 0 0 0 0 
02 0 0 0 0 0 0 0 65 0 0 0 0 0 
03 0 0 0 0 0 0 293 134 0 0 0 0 0 
o4 0 0 57 0 0 0 59 95 0 0 0 0 0 
05 0 0 0 325 0 83 0 0 0 0 0 0 0 
06 0 0 0 107 0 72 0 0 0 0 0 0 0 
07 0 0 0 0 0 0 0 0 0 0 0 0 0 
08 0 0 0 0 0 0 0 0 0 0 0 0 0 
09 0 0 0 85 96 164 153 . 0 0 0 0 0 0 
10 0 0 0 0 0 0 112 0 0 0 0 0 0 
11 0 323 47 258 0 l48 0 0 0 0 0 0 0 
12 686 587 399 0 450 
403 
0 0 0 0 0 0 0 0 
13 61 0 883 874 200 0 0 0 0 0 0 0 
14 0 0 0 86 384 363 0 0 0 0 0 0 0 
15 0 1239 400 1157 0 57 834 0 0 0 0 0 0 
16 0 800 724 176 59 0 42 0 0 0 0 0 0 
17 0 0 0 901 108 301 493 499 1156 1533 1040 838 636 
lO 0 0 0 0 36 0 36 61 0 204 0 0 0 
19 0 0 0 0 0 82 0 0 0 0 0 0 0 
20 234 421 369 0 0 224 0 0 0 0 0 0 0 
21 0 0 476 51 571 394 0 0 0 0 0 0 0 
22 0 0 0 63 0 0 0 0 0 0 0 0 0 
23 0 0 0 108 0 0 0 0 0 0 0 0 0 
24 0 0 0 0 42 123 0 0 0 0 0 0 0 
25 48 386 0 0 2l4 0 ,0 0 0 0 0 0 0 
26 360 1082 1646 1896 2173 137 0 135 0 0 0 0 0 
27 187 437 818 1020 816 4-5 0 0 0 0 0 0 0 
^"•The end of period 7 corresponds to silking date. 
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Table 17. Variety, planting ' date and yield potential 
Site No. Variety Planting 
Date" 
Yield Potential^  
Ton/ha 
01 Amarillo Salvatori 18 4.52 
02 Pinto Salvatori 19 5.15 
03 Pinto Sa: Ivatori 19 5.15 
04 Pinto Salvatori 20 5.15 
05 Pinto Salvatori 20 5.15 
05 Pinto Salvatori 21 5.15 
07 Pinto Salvatori 21 5.15 
08 Pinto Salvatori 22 5.15 
09 Pinto Salvatori 24 5.15 
10 Pinto Salvatori 24 5.15 
11 Pinto Salvatori 25 5.15 
12 Amarillo Salvatori 25 4.52 
13 Amarillo Salvatori 26 4.52 
14 Amarillo Salvatori 26 4.52 
15 Amarillo Salvatori 33 4.52 
16 Ampriilo Salvatori 33 4.52 
17 Arnar-il" 0 Rubin 28 3.66 
18 Arnar^ ili 0 Rubin 28 3.66 
19 Ama^ i 110 Salvatori 29 4.52 . 
20 Amar-' llo Salvatori 32 4.52 
21 Amarillo Salvatori 33 4.52 
22 Ammri i lo Salvatori 35 4.52 
23 Anarillo Salvatori 35 4.52 
24 Amarillo Salvatori 36 4.52 
25 Amarillo Salvatori 4l 4.52 
26 Amarillo Rubin 63 3.66 
27 Amarillo Rubin 64 3.66 
iData oroDortlonated by Corn Breeding Dept. Puebla Project. 
1967. 
P^lanting date codification: April 1=1. 
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Table l6, Fertilizer- treatraent combinations employed In this 
stuay 
Treatment Kilograms per hectare 
No. N % . KgO ZnSO^ /^rHgO 
1 0 0 0 0 
2 360 0 0 0 
3 60 25 0 0 
4 iSO 25 0 0 
5 300 25 0 0 
6 120 50 0 0 
7 240 50 0 0 
8 60 75 0 0 
9 180 75 0 0 
10 300 75 0 0 
11 120 100 0 0 
12 240 100 0 0 
13 60 125 0 0 
14 -l80 125 0 0 
15 300 125 0 ,0 
16 0 150 0 0 
17 360 150 0 0 
18 l8o 75 60 0 
l8a 180 75 0 75 
